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NOTICE 


The information in this guide is subject to change without notice. 


COMPAQ COMPUTER CORPORATION SHALL NOT BE LIABLE FOR 
TECHNICAL OR EDITORIAL ERRORS OR OMISSIONS CONTAINED 
HEREIN; NOR FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES 
RESULTING FROM THE FURNISHING, PERFORMANCE, OR USE OF 
THIS MATERIAL. 


This guide contains information protected by copyright. No part of this guide 
may be photocopied or reproduced in any form without prior written consent 
from Compaq Computer Corporation. 


Copyright 1990 Compaq Computer Corporation. 
All rights reserved. Printed in the U.S.A. 


COMPAQ and DESKPRO, Registered United States Patent and Trademark Office. 
SYSTEMPRO is a trademark of Compaq Computer Corporation. 


The software described in this guide is furnished under a license agreement or 
nondisclosure agreement. The software may be used or copied only in 
accordance with the terms of the agreement. 


Product names mentioned herein may be trademarks and/or registered 
trademarks of their respective companies. 
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INTRODUCTION 


& 1.1 ABOUT THIS GUIDE 


This technical reference guide presents hardware and firmware (ROM) information for the 
COMPAQ LTE/286 and COMPAQ LTE Personal Computers. It is intended for use by: 


™ Developers, engineers, or technicians who need technical information in order to design 
products for the system 


Programmers who need to know about firmware and programmable hardware devices 


Individuals or companies who want detailed information about system firmware and 
hardware and about general operating theories 


This manual assumes an understanding of the Intel 8086, 80C86, 80286 and 80C286 
microprocessors and of personal computer technology based on those microprocessors. The 
COMPAQ LTE/286 Personal Computer uses a 80C286 microprocessor. The COMPAQ LTE 
Personal Computer uses a 80C86 microprocessor. Both of these microprocessors are CMOS 
devices that operate like their Intel NMOS counterparts, but require less power. 


i The manual supplements, but does not replace any applicable Intel publications. For more 
information about Intel publications, write or call: 


Intel Literature Sales 
P. O. Box 58130 Santa Clara, CA 95052-8130 
TEL: (800) 548-4725 
(Source: CQ) 


This chapter describes the following topics. (Backeted numbers indicate which section) 
@ Organization of this manual [1.2] 


= Notational conventions used in this manual [1.3] 
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12 ORGANIZATION 


This technical reference guide is organized into the following chapters and appendixes: 





Chapter 1 provides an overview of this manual. 


Chapter 2 provides an overview of the COMPAQ LTE/286 and COMPAQ LTE Personal 
Computers, including memory and I/O maps. 


Chapter 3 describes the CPU and memory systems. 
Chapter 4 describes the I/O systems. 

Chapter 5 describes the keyboard system. 

Chapter 6 describes the mass storage systems. 
Chapter 7 describes the video system. 

Chapter 8 describes the power supplies. 

Chapter 9 describes the BIOS. 

Chapter 10 describes the communication options. 


Appendix A lists system error messages and codes. 





Appendix B describes power conservation features. 


Appendix C shows the national keyboards. 


13> NOTATIONAL CONVENTIONS 


Values 


I/O addresses and other values are in hexadecimal notation when shown with the letter h after 
them. Memory addresses are in hexadecimal when expressed as SSSS:0000 (SSSS 16-bit 
segment, OOOO 16-bit offset). All other numbers are in decimal notation. 


Ranges 


Ranges or limits for a parameter are shown as a pair of values separated by two dots. For 
example, 4..0 includes the numbers 4 and 0, and every number in between (3, 2, and 1). 
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Signal Labels 


Signal values are labeled AO, A1, A15, and so on. Signal names are in uppercase letters. 
Signals that are negative true, or active low, are indicated by a dash (—) suffix. 


Register Notation and Usage 


The standard Intel naming conventions are used for the 80C286 and 80C86 registers. The 
names of the general registers when used as word-length (16-bit) registers are AX, BX, CX, 
and DX. The names of the general registers when they are used as byte-length (8-bit) registers 
are AH, AL, BH, BL, CH, CL, DH, and DL. 


SI, DI, and BP denote the Source Index, Destination Index, and Base Pointer registers, 
respectively. 


CS, DS, SS, and ES denote the four segment registers: Code Segment, Data Segment, 
Stack Segment, and Extra Segment, respectively. CS is used with the IP (Instruction Pointer) 
register, and SS is used with the SP (Stack Pointer) register. 


FL is the Flag register used to return the status of some operations. Status is given as the state 
of one of the flags within the register: CF for Carry Flag, IF for Interrupt Flag, and so on. 


Register-set boxes that are shaded are ignored on input and are unchanged for output. An 

ww exception is that the contents of AX are not guaranteed to be preserved across all calls. Always 
reload the function code in AH and the parameter (if any) in AL, to repeat a call. Register 
contents are always preserved across BIOS calls, unless the register is used to return a value. 


Bit Notation 


Bit values are labeled so that bit < 0 > represents the least-significant bit and bit < 7 > the 
most-significant bit of a byte. 


Bit fields within a byte or word are shown as a range of decimal numbers separated by two dots 
enclosed in angle brackets with the higher number, representing the most-significant bit, on the 
left. For example, < 15..12 > refers to the four most-significant bits in a word. 
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Common Acronyms and Abbreviations 
The following acronyms and abbreviations are used throughout this guide: 








Acronym/Abbreviation Meaning 

A ampere 

AC alternating current 

ACE asynchronous communications element 
ACK acknowledge 

ASIC application-specific integrated circuit 
b binary 

BCD binary coded decimal 

BIOS basic input/output system 

bpi bits per inch 

bps bits per second 

CF carry flag 

CGA color graphics adapter 

CH channel 

cm centimeter 

CMOS complementary metal-oxide semiconductor 
CNTLR controller 

CPU central processing unit 

dBm decibel referred to 1 milliwatt 

DC direct current 

DCC diskette controller chip 

DF direction flag 

DMA direct memory access 

DRAM dynamic random access memory 
DRQ data request 

dword 32-bit double word 


Continued 
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Continued 

Acronym/Abbreviation Meaning 

ECC error correction code 

FRI flux reversals per inch 

GB gigabyte 

h hexadecimal 

HW hardware 

Hz Hertz 

IF interrupt flag 

in inch 

INT interrupt 

IPS inches per second 

IRQ interrupt request 

ISA industry standard architecture 
Kb kilobit (1024 bits) 

KB kilobyte (1024 bytes) 

Kb/s kilobits per second 

kg kilogram 

kHz kilohertz 

KV kilovolt 

Ib pound 

LCD liquid crystal display 

LSI large scale integration 

m meter 

mA milliampere 

Mb megabits (1 x 106 bits) 
MB megabytes (1 x 106 bytes) 
Mb/s megabits per second 
MB/s megabytes per second 
MDA monochrome display adapter 
MFM modified frequency modulation 
MHz megahertz 

ms millisecond 


Continued 
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Continued 
Acronym/Abbreviation 
N 

NiCad 

NMOS 

ns 

NT 


COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


Meaning 

variable parameter/value 
nickel-cadmium 

N-channel metal-oxide semiconductor 
nanosecond (10-9) 

nested task flag 

nonvolatile random access memory 
parity flag 

picofarad 

pointer 

random access memory 

resume flag 

root mean square 

read-only memory 

revolutions per minute 

real-time clock 

sign flag 

static random access memory 
software 

trap flag 

tracks per inch 

transistor-transistor logic 

universal asynchronous receiver/transmitter 
microsecond (10-8) 

volt 

very large scale integration 

watt 

zero flag 
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SYSTEM OVERVIEW 


2.1 INTRODUCTION 


This chapter describes key design and technical features of the COMPAO LTE/286 and 
COMPAQ LTE Personal Computers. 


The COMPAQ LTE/286 and COMPAQ LTE are lightweight battery-powered laptop personal 
computers built in the tradition of COMPAQ portable products. Their rugged 8 1/2-inch by 
11-inch (21.6 cm by 27.9 cm) form factor and weight of only 6.2 pounds (2.8 kg) make them 
two of the lightest, fastest, most portable products available anywhere. 


The COMPAQ LTE/286 with its 80C286 microprocessor, optional 12-MHz 80C287 
Coprocessor, and Expandable memory (up to 2.6 megabytes) is designed for the user seeking 
optimal portability, but requiring the processing power of a 286 for database applications, 
extensive spreadsheets, problem solving analysis, electronic mail applications, and more. 


The COMPAQ LTE/286 has a choice of three standard mass storage configurations: a 
1.44-megabyte diskette drive and a high-performance 40-megabyte fixed disk drive, a 
1.44-megabyte diskette drive and a high-performance 20-megabyte fixed disk drive, or a single 
1.44-megabyte diskette drive. 


The COMPAQ LTE with its 9.54-MHz 80C86 microprocessor, combined with the standard 
640 Kbytes of random access memory (RAM) expandable to 1 megabyte, is designed for the 
user requiring optimal portability with basic computing capabilities for spreadsheets, databases, 
word processing, electronic mail, and more. 


The COMPAQ LTE has a choice of two standard mass storage configurations: a 1.44-megabyte 
diskette drive and a high-performance 20-megabyte fixed disk drive, or a single 1.44-megabyte 
diskette drive. 


a ee ae ee eee re a ey 
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COMPAQ LTE/286 Personal Computer 


Figure 2-1. 
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Standard features on both the COMPAQ LTE/286 and the COMPAQ LTE include: 
640 Kbytes of memory (RAM) 

3 1/2-Inch 1.44-Megabyte Diskette Drive 
COMPAQ EL Backlit Supertwist Display 
101-/102-Key Compatible Keyboard 
Power-On Password Security 

Real-Time Clock/Calendar 

Enhanced NiCad Battery Pack 

AC Adapter 

Parallel Interface 

Asynchronous Communications Interface 
External CGA Monitor Interface 
External Storage Module Interface 
External Numeric Keypad Interface 


Full One-Year Worldwide Limited Warranty 


Slipcase 
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Available options include: 

40-Megabyte Fixed Disk Drive (COMPAQ LTE/286) 

20-Megabyte Fixed Disk Drive ww 
3 1/2-Inch 1.44-Megabyte Diskette Drive 

2400-Baud Internal Modem 

2-Megabyte Memory Board (COMPAQ LTE/286) 

1-Megabyte Memory Board (COMPAQ LTE/286) 

Expanded Memory Upgrade Board (COMPAQ LTE) 

12-MHz 80C287 Coprocessor (COMPAQ LTE/286) 


External Storage Module, to be used with one of the following: 


5 1/4-Inch 1.2-Megabyte Diskette Drive 
5 1/4-Inch 360-Kbyte Diskette Drive 
40-Megabyte Tape Drive 


External Fast Charger/AC Adapter 

Automobile Adapter wv 
Battery Pack 

External Numeric Keypad 

Carrying Case 

Asynchronous Communications Interface Board 

40-Megabyte Tape Cartridge (DC 2000) 

MS-DOS Version 4 as published by Compaq 

MS-DOS Version 3 as published by Compaq 


Technical Reference Guide 
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POWER CONSERVATION OVERVIEW 


Power Conservation is a system of interacting hardware components and firmware that detects 
usage and power levels and reduces or shuts down subsystems during low-usage or low-power 
periods. This feature conserves the power of the enhanced NiCad battery pack and provides 
visible and audible warnings to alert the user to low battery conditions. Power Conservation is 
active only when the system is running on battery power. At power-on the system checks to 
see if external power is present. If external power is present, Power Conservation is not 
enabled. If the power source is switched from external to battery or from battery to external 
during operation, the system makes the appropriate adjustments. 


Power Conservation principally affects the following subsystems: 
m@ CPU 

@ Backlit Supertwist Display 

™ Keyboard 

™@ Fixed Disk Drive 


If a subsystem is not accessed by the computer for a predetermined period of time, Power 
Conservation reduces or shuts down its operation, thereby reducing the power demand on 

the battery pack. When the subsystem is accessed again, it returns to full operation. Before 
Power Conservation begins shutting down the subsystems, some time intervals can be selected 
by the user by means of the SETUP program provided on the USER DIAGNOSTICS diskette 
or the PWRCON utility provided on the USER PROGRAMS diskette. If there is no system 
activity for a predetermined period of time, all subsystems are shut down in a condition 

called Standby. 


The state of the Power Conservation feature 1s indicated by the Power/Low Battery LED on the 
front panel. 
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2.3 SPECIFICATIONS 


Table 2-1 lists the system specifications for the COMPAQ LTE/286 and 
COMPAQ LTE Personal Computers. 


Table 2-1. 
Specifications for the COMPAQ LTE/286 and COMPAQ LTE 
Personal Computers 


Dimensions: 
Height: 1.9 in (4.8 cm) 
Depth: 8.5 in (21.6 cm) 
Width: 11.0 in (27.9 cm) 
Weight: 
Model 1 6.2 |b (2.8 kg) 
Model 20, 40 6.9 Ib (3.0 kg) 
Power Requirements for AC/DC Converter: 
Nominal line voltage 120-230 VAC 
Range line voltage 90-264 VAC 
Line frequency 48-63 Hz 
Current 1.0 A 
Air Temperature: 
Operating 50 to 95°F (10 to 35°C) 
Nonoperating 32 to140°0F (0 to 60°C) 
Shipping -4 to140°F (-20 to 60°C) 
Relative Humidity: 
Operating 10% to 90% (noncondensing) 
Nonoperating 9% to 95% 
Heat Output: Varies according to option(s) installed 
Noise Shock and Vibrations: 
Shock 40 g,11 ms, half sine (nonoperating) 
Vibration 3g, 5-500 Hz 1/2 octave/min sweep 
2-hr duration (nonoperating) 1 g, 5-500 Hz (operating) 
Maximum Altitude: 
Operating 10,000 ft (3,048 m) (see note) 
Shipping 40,000 ft (12,192 m) (see note) 





NOTE: All references to “maximum altitude” in this manual are to unpressurized atmospheres. 
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CPU AND MEMORY SYSTEMS 


3.1 


3.2 


INTRODUCTION 


This chapter describes the system board, and memory systems of the COMPAQ LTE/286 and 
COMPAQ LTE. 


This chapter contains the following information: 


@ System Board Description [3.2] 

@ LTE/286 Programmable Devices [3.3] 
m@ LTE/286 Memory Systems [3.4] 

m@ LTE Programmable Devices [3.5] 

m@ LTE Memory Systems [3.6] 

m Expansion Memory Connectors [3.7] 
SYSTEM BOARD 


The system board contains the microprocessor, ROM, 640 Kbytes DRAM base memory, 
real-time clock, interrupt controller, DMA controller, timers, and system bus controller. This 
board also contains the connector for an expansion memory board. 


COMPAQ LTE/286 System Board 


The clock generator allows the 80C286 to operate at either 12 or 8 MHz. The 80C287 clock is 
12 MHz during normal operation and 8 MHz during standby mode. 


The base memory is 640 Kbytes of DRAM. An optional expansion memory board may contain 
1 or 2 megabytes of DRAM. 


No additional memory controller is required for expansion memory. The LTE/286 provides 
support for LIM 4.0. 
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Table 3-1. 
system Memory Map 
wi 
Address Range (h) Space Assigned Use 
OOQ000—O9FFFF 640 KB System Board Memory 
OB8000—-OBBFFF 16 KB CGA Video Buffer Memory 
OCO000—-OC5FFF 24 KB System ROM Unused 
OC6000—-0C67FF 2 KB Nothing 
O0C6800—-0C7FFF 6 KB System ROM Unused 
OFOOOO—OF7FFF 32 KB System ROM 
OF8000—-OFFFFF 32 KB System ROM 
100000—-4FFFFF 4 MB Internal Expansion RAM 
500000—FEFFFF 10.93 MB Nothing 
FFOOOO—FF7FFF 32 KB System ROM 
FF8000—-FFFFFF 32 KB System ROM 
Table 3-2. - 
COMPAQ LTE/286 
Microprocessor Bus Cycle Definition of Status Signals 

M/lO- SO S1 Bus Cycle 
0 0 0 Interrupt Acknowledge 
0 0 1 I/O Read (Ports) 
0 1 0 |/O Write (Ports) 
0 1 1 None: Idle 
1 0 0 Halt or Shutdown 
1 0 1 Memory Read 
1 1 0 Memory Write 
1 1 1 None: Idle 
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COMPAQ LTE System Board 
The clock generator allows the 80C86 to operate at either 9.54 or 4.77 MHz. 


The base memory is 640 Kbytes of DRAM. An optional expansion memory board contains 


512 Kbytes of DRAM. Only one optional expansion memory board is supported by the 
COMPAQ LTE. 


NOTE: If expansion memory is used, 128 Kbytes of the system board memory is inaccessible 
since the 80C86 can only address a total of 1 Mbyte of memory. Therefore an expansion 
memory board of 512 Kbytes will only provide a total system memory of 1 megabyte. No 
additional memory controller is required for expansion memory. The COMPAQ LTE supports 
a subset of LIM 4.0. 


NOTE: The COMPAQ LTE does not have an expansion bus. 


Table 3-3. 
system Memory Map 
Address Range (h) Space Assigned Use 
OOOO000—O9FFFF 640 KB System Board Memory 
OB8000—-OBBFFF 16 KB CGA Video Buffer Memory 
OCOOOO—-OEFFFF 192 KB EMS Memory Expansion 
OFOOOO—-OFFFFF 64 KB System BIOS ROM 


COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


i 3-4 CPU and Memory Systems 


Table 3-4. 
COMPAQ LTE/286 J 
Microprocessor Bus Cycle Definition of Status Signals 
$2 S1 0 Bus Cycle 
0 0 0 Interrupt Acknowledge 
0 0 1 I/O Read (Ports) 
0 1 0 I/O Write (Ports) 
0 1 1 Halt 
1 0 0 Code Access 
1 0 1 Memory Read 
1 1 0 Memory Write 
1 1 1 None: Idle 


3.3 LTE/286 PROGRAMMABLE DEVICES 
Interrupt Controller - 


The system board has two signals for interrupts labeled NMI (non-maskable interrupt) and 
INTR (maskable interrupt). The non-maskable interrupt may be masked under software control 
by the system board logic. 


NMI interrupts are normally caused by parity errors in the memory subsystem; however, in 
the COMPAQ LTE/286, parity is not used and the I[OCHK- line is tied to inactivate parity 
error checking. 


All INTR- interrupts are channeled through the interrupt controllers. The interrupt controllers 
are equivalent to Intel 8259A interrupt controllers. Two interrupt controllers are used so that 
more than 8 levels of interrupt are possible. The slave (Interrupt Controller 2) interrupts the 
master (Interrupt Controller 1) to show an interrupt. Interrupt Controller 1 is programmed in 
the special fully-nested mode. All interrupts may be masked by using the CLI instruction of 
the 80C286. 
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The base I/O address for Interrupt Controller 1 is 20h; for Interrupt Controller 2 it is AOh. The 
16 interrupt sources and priorities are shown in the following table. 


Priority 
1 


Table 3-5. 


16 Interrupt Sources and Priorities 


Label 
NMI 
IRQ 0 
IRQ 1 
IRQ 2 
IRQ 8 
IRQ 9 
IRQ 10 
IRQ 11 
IRQ 12 
IRQ 13 
IRQ 14 
IRQ 15 
IRQ3 
IRQ 4 
IRQ 5 
IRQ 6 
IRQ 7 


Controller 


=a/!a/a2/a2/42/pl[/m/inmlinml[rmolrmlinmlrn/a]a]a 


Direct Memory Access Controller 


The DMA controllers used are equivalent to two Intel 8237 DMA controllers. The DMA 
controllers operate at 4 MHz. The DMA controllers hold only 16 bits of the 24-bit address; 
therefore, the other 8 address bits are contained in the DMA page registers. DMA Controller 1 
is used for byte data transfers and may transfer a maximum of 64 Kbytes of data. DMA 
Controller 2 is used for word data transfers and may transfer a maximum of 128 Kbytes of 
data. Unlike the CPU, DMA Controller 2 may only transfer words on an even boundary. 


Source 

Not used 

Interval Timer O 
Keyboard 

Interrupt Controller 2 


Real-Time Clock 


Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

Fixed Disk Drive 
Power Management 
Serial Port 2 (COM2) 
Serial Port 1 (COM1) 
Parallel Port 2 
Diskette Drive 


Parallel Port 1 
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The base I/O address for DMA Controller 1 is OOh; the base I/O address for DMA Controller 2 
is OCOh; the base I/O address for the DMA page registers is 080h. The function assigned to 
each DMA channel is listed as follows. 


ww 
Channel Transfer Function 
0 Byte Not Used 
| Byte Not Used 
2 Byte Diskette Data Transfer 
3 Byte Not Used 
4 Word Cascade for Controller 
5 Word Not Used 
6 Word Not Used 
7 Word Not Used 


Interval Timer 


The Interval Timer used is equivalent to an Intel 8254 Programmable Interval Counter. Two 
channels (interrupt and refresh) are on at all times; only the speaker tone can be disabled and —aJ 
enabled. To conserve power, only the refresh channel is enabled during sleep mode. 


The base I/O address for the Interval Timer is 40h. The Interval Timer functions are given 
in the following chart: 


Counter Clock In Clock Out Function 

0 1.19 MHz 8259 IRQ 0 System Timer 

1 1.19 MHz Refresh Refresh Request 
2 1.19 MHz Variable Speaker Input 
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Real-Time Clock And CMOS Memory 


3.4 


The COMPAQ LTE/286 uses a Dallas Semiconductor DS1285 or equivalent as the system 
board Real-Time Clock and CMOS configuration memory. To prevent a loss of time or system 
configuration, the DS1285 uses a 35 mAH lithium battery mounted on the system board. This 
battery will maintain the time and system configuration during power loss for up to two years. 


NOTE: If the battery is disconnected or fails, the time and system configuration must 
be reprogrammed. 


The DS1285 is an I/O-mapped device located at port address 070h and 071h. 


NOTE: Port 070h is shared between the NMI mask register and the configurations memory 
address register. 


The COMPAQ LTE/286 supports a power-on password. This function is a BIOS software 
program and no hardware support is provided. If the user forgets the password, the CMOS 
memory must be cleared by removing the lithium battery. This requires that SETUP be run to 
reconfigure the system. 


LTE/286 MEMORY 
SYSTEM ROM 


The system board has two sockets for ROM. The ROM sockets are addressed as one pair, 16 
bits wide. The ROM used in the COMPAQ LTE/286 are 150 ns CMOS 32K x 8 bit devices. 


The 64-Kbyte system ROM is mapped into several areas of main system memory. The memory 
map for the system ROM is shown in the following chart: 


Address Range (h) Space ROM Address Range 
OC0O000-OC5FFF 24 KB system ROM 00000—-05FFF 
Not Mapped 2 KB system ROM 060000—06FFF 
OC6800-0C7FFF 6 KB system ROM 06800—07FFF 
OFOOOO—-OF7FFF 32 KB system ROM 08000—OF FFF 
OF8000-OFFFFF 32 KB system ROM 08000—-OF FFF 
FFOOOO-FF7FFF 32 KB system ROM 08000—-OF FFF 
FF8000—FFFFFF 32 KB system ROM 08000—-OF FFF 
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At the present time, the only section of the system ROM which is used is the upper 32 Kbytes. 
This section of the system ROM contains the system BIOS. The lower 32 Kbytes of the system 
ROM are blank. 





RAM 


COMPAQ LTE/286 system boards come with 640 Kbytes of dynamic RAM (DRAM). No 
additional memory can be added to the system board; however, one expansion board is 
supported for memory expansion. The size of the memory expansion can be 1 or 2 megabytes. 
The system processor reads an ID from the memory expansion board and determines the size of 
the expansion memory. 


NOTE: COMPAQ LTE/286 and COMPAQ LTE memory expansion boards are 
not interchangeable. 


Register Configurations 


There are three registers which configure the COMPAQ LTE/286 memory system. At reset, it 
is assumed that no expansion memory exists. The system must program the first two registers 
by reading two configuration bytes from CMOS memory. If the configuration data indicates 
that all of the expansion RAM is not used for extended memory, the system will then program 
the CLIM registers to set up expanded memory. 





This eight-bit register indicates the amount of expansion memory installed. Only one expansion 
slot is supported. This expansion slot may contain 1 or 2 megabytes of memory. Each 
expansion board has two pins which define the amount of memory installed on it. These pins 
are read by the system to determine the size of the expansion memory. This register will 
indicate the size of the expansion memory found. 


I/O Address = 1065h 
Power Up Reset Value = Undefined 


Read 


Memory Expansion Board 
11 = Not Installed 
10 = 1 MB Board 
OO = 2 MB Board 
01 = Reserved 
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Logical Memory Expansion Board 
11 = Not Installed 
10 = 1 MB Board 
OO = Reserved 
01 = Reserved 
Logical Memory Expansion Board 
11 = Not Installed 
10 = 1 MB Board 
OO = Reserved 
01 = Reserved 


NOTE: A 2-Megabyte memory board must be configured as two 1-Megabyte memory boards. 










Extended Memory Allocation Register 


This five bit register determines the highest address in extended memory. It allows extended 
w memory allocation in 512-Kbyte blocks. 


I/O Address = 3065h 
Power-On Reset Value = Undefined 
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Expanded Memory — CLIM Expanded memory (CLIM) allows the system to access more than 
the 1 megabyte that can be accessed when the 80C286 processor is in real mode. This is 
accomplished by using a method called paging. Certain blocks of memory can be paged or 
switched in and out of system memory by using I/O ports. 


3.5 LTE PROGRAMMABLE DEVICES 


The system controller provides most of the peripheral functions required on an 8086-compatible 
computer system. Selection of the various options of the system controller is done through six 
internal configuration registers. Enhanced control is provided by additional registers which are 
extensions of the standard 8086 architecture. Access to the Configuration registers is done 
through a pair of I/O ports. The definitions and addresses of these I/O ports are given in the 
following chart: 


Table 3-6. 
1/O Port Definition 
Address Function 
0022h Index Register 
0023h Data Register 
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Configuration Registers 
Twelve Configuration registers are accessed through the Index and Data registers. 


Table 3-7. 

Configuration Registers 
Index Register R/W Description 
0040h R/W Clock/Mode Size 
0041h R/W System Configuration 
0042h R/W Configuration Valid 
0043h R/W Dip Switch Emulation 
0044h-—0047h R/W NMI Vector Address 
0048h R/W Refresh Timer Counter 
0049h R/W Wait State, Refresh, Keyboard 
004Ah—si(atsststi‘C!é*;*;”;C#CRCSOVed:*O~*~“‘(‘(O;((CC®” 
004Bh R/W Sleep/Memory Configuration 
004Ch R/W EMS Configuration Register 
004Dh—004Fh Reserved 
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Clock/Mode Size Register 


This register provides control over the system clocks in COMPAQ LTE. This register also 
provides control over the bus conversion logic. This register is set to OOXXXOX1B on 
power reset. 





Processor Clock Select 
0 = 4.77 MHz 
1 = 9.54 MHz 

Clock Duty Cycle 
0 = 33% Duty Cycle 
1 = 50% Duty Cycle 


Clocks Present 
O = One Clock 
1 = Two Clocks 
DMA Clock Select 
O = Use System Clock 
1 = System Clock/2 
Memory I/O Size J 
O = 8-Bit Mode 
1 = 16-Bit Mode 
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System Configuration Register 


This register selects the system memory type, system memory timing, and parity check logic. 
The System Configuration register is set to 00xx00x0B on power reset. 


Memory Type 
0 = DRAM 
1 = SRAM 
Software Reset 
O = Disable 
1 = Enable 


SRAM Control High 


0 = SRAM cortrol high outputs forced low at power down 
1 = SRAM control high outputs forced high at power down 


Command Delay 
O = Normal Wait 
1 = Delay 1 Cycle 
System Memory Timing 
O = Normal Wait 
1 = Reduced Wait 
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Dip Switch Emulation Register 


The DIP Switch Emulation Register is used to emulate the configuration DIP switches found in 
an 8086 system. This register is provided for software compatibility only and does not control 
any devices except for bit 1. Bit 1 is used to indicate the presence of a numeric coprocessor and 
should always be set to 0 (The COMPAQ LTE does not support an 8087 numeric coprocessor). 
The default address for this register is 30h (1 diskette, monochrome display,256 Kbytes 
DRAM, no 8087 coprocessor present). 


wW 







Drives 





Display Type 
00 = (Not Used) 
01 = CGA 40 x 25 

10 = CGA 80 x 25 

11 = Monochrome 


Base Memory Size 
OO = 256 Kbytes 
01 = 512 Kbytes 

10 = 576 Kbytes 

11 = 640 Kbytes 









































Loop on POST 
0 = Do not Loop 
1 = Loop on POST 
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NMI Vector Address Register 


This register stores an NMI vector that can be substituted whenever the NMI is performed. This 
prevents modification of the NMI vector by application software. The storage of the NMI 
vector address is shown as follows. 





I/O Address NMI Vector Address 
0044h Byte 0 (LSByte) 
0045h Byte 1 

0046h Byte 2 

0047h Byte 3 (MSByte) 


COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


i 3-16 CPU and Memory Systems 


Refresh Timer Counter 


The Refresh Timer Counter provides a programmable refresh counter which allows usage of 
slow refresh DRAMs. Each value is a multiple of 838 ns. A value of 00h is invalid. 





Refresh Counter 


This register provides control over system wait states, the refresh counter, and the keyboard 
input port. Separate wait state settings are allowed for memory, I/O, and DMA cycles. For 

the COMPAQ LTE, all wait state settings are the lowest possible (Memory = 0, I/O = 1, 
DMA = 1). The COMPAQ LTE uses the keyboard port (XT-compatible shift register) integral 
to the system controller. 


I/O Wait States 
00 = 1 Wait State 
01 = 2 Wait States 
10 = 3 Wait States 
11 = 4 Wait States 


DMA Wait States 
00 = 1 Wait State 


01 = 2 Wait States 
10 = 3 Wait States 
11 = 4 Wait States 


Refresh Enable 
O = Disable Counter 
1 = Enable Counter 


Keyboard Controller 
O = Internal (LTE) 
1 = Not Used 
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Sleep/Memory Configuration Register 


This register enables sleep functions and defines the base/EMS memory configuration. The 
COMPAQ LTE sleep mode is enabled and DMA clocks are enabled during sleep. 


Sleep Mo 
O = Disable 
1 = Enable 
Substitute NMI Vector 
O = Disable 
1 = Enable 


Suspend 
O = Disable 
1 = Enable 


DMA Sleep Enable 
O = Disable 
1 = Enable 


| 3.0 Memory Configuration 


The memory configuration options are shown below. Only options 4, 8, and 9 are valid for 
the COMPAQ LTE. 





Option Base Memory EMS Memory Option Base Memory EMS Memory 


0 Invalid 8 640 Kbytes 384 Kbytes 
1 128 Kbytes O Kbytes 9 512 Kbytes 512 Kbytes 
2 Invalid A Invalid 

3 Invalid B Invalid 

4 640 Kbytes O Kbytes C Invalid 

Ss) Invalid D 640 Kbytes 1408 Kbytes 
6 512 Kbytes O Kbytes 2 Invalid 

7 Invalid F 640 Kbytes 1920 Kbytes 
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EMS Configuration Register 


The EMS Configuration Register defines the I/O port through which the EMS page registers 
are accessed. Bits <15:14> of the I/O address are used to select which of the four-page registers 
is being accessed. The EMS base address specifies the starting address of the first 16-Kbyte 
page that expanded memory is accessible. 


EMS I/O Port Address 
0 = COo000h 
8 = EQ000h 
9 = F = EQ000h 


EMS Memory Base Address 
0 = 0208 
1 = 0218h 
3 = 0238h 
4 = 0248h (*) 


5 = 0258h 
6 = 0268h 
7 = 0278h (*) 
8 = 0288h (*) 
9 = 0298h (*) 
A = 02A8h 
B = 02B8h 
C = 02C8h (*) 
D = 02D8h 
E = 02E8h 
F = 02F8h (*) 





* = This I/O address may cause conflict with other devices 
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System Controller Registers 


Several other registers are used for the enhanced features of the system controller such as 
power management. These registers are located in the I/O area below 100h and are extensions 
of the standard 8086 architecture. The addresses and descriptions of these registers are 

given in the following chart: 


Address Description 

0072h NMI Control 

0O7Eh NMI Status 

007Fh Power Control/Reset 
OOAxh NMI Enable 
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NMI Control Register 


This register is used to control the possible sources of an NMI interrupt. This register also 
controls the 80C86 clock during sleep mode. 





Enable Keyboard Clear NMI 
O = Disable 
1 = Enable 


Enable Suspend NMI 
O = Disable 

1 = Enable 

Enable Keyboard Data NMI 
O = Disable 

1 = Enable 

Enable RTC NMI 
O = Disable RTC NMI 

1 = Enable RTC NMI 

Sleep Clock On/Off 
O = Sleep Clock On 

1 = Sleep Clock Off 

Screen Save Enable 
O = Disable 

1 = Enable 


At the present time, no NMI interrupts are generated by the system. 
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NMI Status Register 
The NMI Status register indicates the source of any NMI interrupt which has been generated. 
The source of the NMI is latched into this register provided NMI interrupts are enabled. If 
NMIs are not enabled, the NMI Status register will not reflect the status of NMI input pins. 
The processor NMI generated is the OR of the NMI Status register bits. 


At the present time, no NMI interrupts are generated by the system. 
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1/O Check Error 
O = No Error 
1 = Error Occurred 


_ Parity Error 
O = No Error 
1 = Error Occurred 
4 
3 
ua 
0 








Keyboard Clear 


Keyboard Data 
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NMI Enable Register 


This register is used to mask NMI signals to the 80C86 microprocessor. If NMIs are disabled, 
an NMI can still be recognized by polling the NMI Status register. 











NMI Enable 
0 = Disable all NMI 
1 = Enable all NMI 


(6.0 | Reseved 


The DMA controller used in the COMPAQ LTE is found in the system controller. It is 
equivalent to an Intel 8237 DMA controller. The DMA controller operates at a clock speed of 
one-half the system clock. The DMA controllers hold only 16 bits of the 20-bit address; 
therefore, the other 4 address bits are contained in the DMA Page registers located in the 
system controller. The DMA controllers are used for byte data transfers only, and may transfer 
a maximum of 64 Kbytes of data. The base I/O address for the DMA Controller is OOh. 


The base I/O address for the DMA page registers is O80h. The function assigned to each DMA 
channel is listed as follows. ww 


Channel Transfer Function 

0 Byte Not Used 

1 Byte Not Used 

2 Byte Diskette Data Transfer 

3 Byte Fixed Disk Data Transfer 
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Interrupt Controller 


The system board has two signals for interrupts labeled NMI (nonmaskable interrupt) and 
INTR (maskable interrupt). The nonmaskable interrupt may be masked under software control 
by the system board logic. 


All INTR- interrupts are channeled through the system controller. The interrupt controller is 
equivalent to an Intel 8259A interrupt controller. All interrupts may be masked by using the 
CLI instruction of the 80C86. 


The base I/O address for the Interrupt Controller is 20h. The eight interrupt sources and 
priorities are shown in the following chart: 


Priority Label Source 

1 NMI Not Used 

2 IRQ 0 System Timer 0 (Internal) 
3 IRQ 1 Keyboard (Internal) 

4 IRQ 2 Power Management 

5 IRQ 3 serial Port 2 (COM2) 

6 IRQ 4 Serial Port 1 (COM1) 

7 IRQ 5 Fixed Disk Drive 

8 IRQ 6 Flexible Diskette Drive 

9 IRQ 7 Parallel Port 1 


Interval Timer 


The Interval Timer is located in the system controller. It is equivalent to an Intel 8254 
Programmable Interval Counter. Channel 0 and channel 1 can be programmed for all six 
modes; however, no external hardware trigger signal exists. 


The base I/O address for the Interval Timer is 40h. The Interval Timer functions are 
given in the following chart: 


Counter Clock In Clock Out Function 
0 1.19 MHz 8259 IRQO System Timer 
1 1.19 MHz Not Used 
2 1.19 MHz Variable Speaker Input 
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Programmable Peripheral Interface 


The Programmable Peripheral Interface (PPI) is located in the system controller. The PPI is a 
subset of the Intel 8255. Only mode 0 is supported. The programming is similar to the Intel 
PPI; however, the external interface is different. Port A is the input port for the keyboard scan 
code. The Serial Shift register is included in the system controller. Port B is the control port 
for various system board functions. Port C is the status port for various system functions. 

In normal operation the control port is programmed to 99h. An I/O map for the PPI is 


shown in the following chart: 


Address Port 
60h A 

61h B 

62h C 

63h Control 


Function 

Keyboard Scan Code 
System Control 

System Status 

PPI Control (Normally 99h) 


NOTE: Port C does not access any external switches. This port is provided for compatibility 
only and does not provide any hardware control. 


Port A—Keyboard Scan Code 


Power-On Reset Value = Undefined 
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Port B—System Control 
Power-On Reset Value = Undefined 
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Keyboard Enable 
O = Enable Keyboard 
1 = Disable Keyboard 





Keyboard Clock 


0 = Hold Clock Low 
1 = Normal Clock 


Enable I/O Channel Check 
O = Enable 
1 = Disable 
Enable Parity Check 
O = Enable Parity 
1 = Disable Parity 


| Read High/ Low Switches 





0 = Low Nibble 
1 = High Nibble 








Speaker Data 
O = Disable Speaker 
1 = Enable Speaker 

Timer 2 Gate 
O = Stop Counting 

1 = Enable Counting 
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Port C-—System Status 
Power-On Reset Value = Undefined 


Mode Select 
O = Single Bit 
1 = Mode Set 
Group A Mode Select 
0O = Mode 0 
01 = Mode 1 
1X = Mode 2 


Port A Mode 
O = Output 
1 = Input 


Group C Upper Nibble 
O = Output 
1 = Input 

Group B Mode Select 
O = Mode 0 
1 = Mode 1 

Port B Mode 
O = Output 
1 = Input 

Port C Lower Nibble 
O = Output 
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Control Port (Single Bit Set/Reset Definition) 














7 Mode Select 
O = Single Bit 
1 = Mode Set 
65 | Reserved 
Port A Mode 
O = Output 
1 = Input 
Bit Select 


Set/Reset 
O = Reset 
1 = Set 


Real-Time Clock and CMOS Memory 
The COMPAQ LTE uses a Dallas Semiconductor DS1285 as the system board Real-Time 
Clock and CMOS Configuration memory. To prevent a loss of time or system configuration, 
the DS1285 uses a 35 mAH lithium battery mounted on the system board. This battery will 
maintain the time and system configuration during power loss for up to two years. 





NOTE: If the battery is disconnected or fails, the time and system configuration must 
be reprogrammed. 


The DS1285 is an I/O-mapped device located at port address 070h and 071h. The DS12835 is 

not compatible with the IBM 8086 architecture. The DS1285 was used in the COMPAQ LTE 
because of the on-board CMOS RAM. This RAM was required to support the programmable 
features of the COMPAQ LTE. 


See the BIOS Memory definition for a description of the bytes in the configuration memory. 


eee 
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3.6 COMPAQ LTE MEMORY SYSTEM 


Read Only Memory (ROM) 
The system board has two sockets for ROM. The ROM sockets are addressed as one pair, ww 
16 bits wide. The ROM used in the COMPAQ LTE are 150 ns CMOS 32K x 8 bit devices. 
The memory map for the system ROM is shown below. 


Address Range (h) Space ROM Address Range 
FFOOOO—-FFFFF 64 KB System ROM 0000—-FFFF 


Dynamic Random Access Memory (DRAM) 
The COMPAQ LTE comes with 640 Kbytes of dynamic RAM (DRAM). Parity is not 
supported in the COMPAQ LTE. No additional memory can be added to the system boards; 
however, one expansion board is supported for memory expansion. 


Internal Memory Installed Register 
This six-bit register indicates the amount of expansion memory installed. Only one expansion 
slot is supported. This expansion slot may contain 512 Kbytes of memory. This register is 
read only. 





Each expansion board has two pins which define the amount of memory installed on it. The 
system software should read this register to determine the amount of expansion memory. 


Power-On Reset Value = Undefined 






Memory Expansion Board 
11 = Not Installed 
10 = 512-Kbyte 
OO = Reserved 
01 = Reserved 
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Memory Expansion Connectors 


A connector for memory expansion boards is provided on the System Board. This connector is 
accessed by removing the options compartment cover located on the right side of the computer. 
ty Figure 3-1 shows the connector and pinout for the COMPAQ LTE/286. Figure 3-2 shows the 

connector and pin out for the COMPAQ LTE. 
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Pin Signal Pin Signal 
1 GND 2 EMSWE- 
3 RAS2- 4 RAS3- = 
5 ENSCASL- —«6B +5VDC 
7 N/C 8 MAO 
9 GND 10 MAt1 
60 11 MA2 12 MA3 
13 MA4 14 +5VDC 
\ 15 MA5 16 MA6 
qv 17 GND 18 MA7 
\*_) VA 
| S| WwW 19 MA8 20 MAQ 
: — fo | 21 N/C 22 +5VDC 
| @S Fw 23 MTYPO 24 MTYP1 
—w~| 25 GND 26 NC10 
— A | 
—-~; 27 MDO 28 MD1 
( &—S Aw 29 MD2 30 +5VDC 
: a, pred 
;S 8 31 MD3 32 MD4 
| S18 wW 
| wl iS 33 GND 34 MD5 
1 el 
| wl IA 35 RAS6- 36 MD7 
, =| 
, =m =| 37 N/C 38 +5VDC 
7 F : 39 MD8 40 MD9 
" SS 41 GND 42 MD10 
43 MD11 44 MD10 
45 MD13 46 +5VDC 
47 MD14 48 MD15 
49 GND 50 NC11 
51 RAS2- 52 RAS5- 
53 SEMSCASH- 54 +5VDC 
59 N/C 56 N/C 
57 GND 58 Reserved 
59 Reserved 60 Reserved 








Figure 3-1. COMPAQ LTE/286 Expansion Memory Board Connector 
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Signal Signal 
GND WEA- 
EMRAS2- EMRAS3- 
CASA- +5VDC 
N/C MAO 
GND MA1 
MA2 MA3 
MA4 +5VDC 
MA5 MA6 
4g GND MA7 
4 19 MA8 20 MAQ 
=| 21 NIC 22 +5VDC 
~ 23 MPRES- 24 MTYP 
= 25. GND 26 NIC 
=) 27 ADO 28 ADI 
= 29 AD2 30 +5VDC 
~! 31 AD3 32 AD4 
aa =| 33 GND 34 ADS 
=| 35 ADE 36 AD7 
=| 37 Reserved 38 +5VDC 
‘|, 39 AD8 40 AD9 
i} oo 41 GND 42 AD10 
a 43 AD11 44 AD12 
45 AD13 46 +5VDC 
47 AD14 48 AD15 
49 GND 50 Reserved 
51 Reserved 52 Reserved 
53 Reserved 54 Reserved 
95 Reserved 56 Reserved 
57 Reserved 58 Reserved 
99 Reserved 60 Reserved 





Figure 3-2. COMPAQ LTE Expansion Memory Board Connector 
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I/O PERIPHERAL SUBSYSTEM 


4.1 INTRODUCTION 
The I/O peripheral subsystem supports the following functions on the I/O system board: 


4.2 


Diskette Drive Control 

Fixed Disk Drive Interface 

Keyboard Controller 

Video 

Serial Communications and Modem Support 
Parallel Printer Support 


Power Management 


However, the information in this chapter is limited to a description of the asynchronous 
communications and parallel printer support. The other I/O functions listed are described in the 
chapter or chapters that cover the associated peripheral device. 


This chapter provides the following information: 


I/O Maps [4.2] 

I/O Configuration Registers [4.3] 

Serial Communications and Modem Support [4.4] 
Parallel Printer Support [4.5] 

Connectors [4.6] 


I/O MAPS 


The I/O maps for the COMPAQ LTE/286 and COMPAQ LTE are shown in Tables 4-1 and 
4-2 respectively. 


COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


Table 4-1. 

COMPAQ LTE/286 I/O Map 
Range(h) Function 
0000-01FF DMA Controller 1 
0020-003F Interrupt Controller 1 
0040-005F Interval Timer 
0060 8042 Data I/O Register 
0061 Port B/C Inputs/Outputs 
0064 8042 Status/Command Register 
0065 Bidirectional Printer Port Control 
0070 RTC Address Register, NMI 
0071 RTC Data I/O Register 
0080-008F DMA Memory Page Register 
OOA0-00BF Interrupt Controller 2 
00C0-00DF DMA Controller 4 
OOFO Clear Math Coprocessor 
OOF 1 Reset Math Coprocessor 
OOF8-00FF 80C287 Command Ports 
01F0-01F7 Fixed Disk Drive Controller 
0278-027F Tertiary Printer 
O2F8-02FF Serial Port 2 (COM 1) 
0378-037F Secondary Printer 
03BC-03BF Primary Printer 
03D0-03DF CGA Video Controller 
03F0-03F7 Diskette Controller 
03F8-03FF Serial Port 1 (COM 1) 
0465 Peripheral Configuration Register 
0865 Power Control Register 
OC65 External Diskette Connected Latch 
O0C7C Product ID 
1065 Memory Installed Register 


4-2 I/O Peripheral Subsystem 





Continued 
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Table 4-1. Continued 








Range(h) Function 
1465 IRQ15, Status Register 
1865 Inactivity Monitor Register 
1C65 Peripheral Status Register 
2065 Power Management Storage Byte 
2465 Power Management Storage Byte 2 
3065 Extended Memory Allocation Register 
C3C6 CLIM Block Register 
C7C6 CLIM Index Register 
CBC6 CLIM Data Register DMA Controller 
Table 4-2. 
COMPAQ LTE 1/O Map 
Range(h) Function Addressed 
0000-000F DMA Controller 
0020-0021 Interrupt Controller 1 
0022-0023 Interval Timer 
0040-0043 8042 Data I/O Register 
0060 Port B/C Inputs/Outputs 
0061 Port B Inputs/Outputs 
0062 Port C Inputs/Outputs 
0063 Port Command/Mode Register 
0065 Bidirectional Printer Port Control 
0070 RTC Address Register, NMI 
0071 RTC Data I/O Register 
0072 NMI Control Register 
OO7E NMI Status Register 
007F Power Control and Reset Register 
0080-0083 DMA Page Registers 


Continued 
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Table 4-2. Continued 


Range(h) 
OOA0-O0AF 
O2F8-02FF 
0320-0323 
0378-037F 
03BC-03BF 
03D0-03DF 
03F0-03F7 
03F8-03FF 
0465 

0865 

OC65 
0C7C 

1065 

1465 

1865 

1C65 

2065 

2465 

3065 
02x 8 
42x8 
82x 8 
C2x8 





COMPAQ LTE Personal Computer 


Function Addressed 

NMI Control 

Serial Port 2 (COMM 2) 

Fixed Disk Drive Controller 
Secondary Printer 

Primary Printer 

CGA Video Controller 

Diskette Controller 

Serial Port 1 (COM 1) 

Peripheral Configuration Register 
Power Control Register 

External Diskette Connected Latch 
Product ID 

Memory Installed Register 

IRQ2, Status Register 

Inactivity Monitor Register 
Peripheral Status Register 

Power Management Storage Byte 1 
Power Management Storage Byte 2 
Extended Memory Allocation Register 
EMS Page Register 0 

EMS Page Register 1 

EMS Page Register 2 

EMS Page Register 3 


COMPAQ LTE/286 Personal Computer 
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4.3 1/0 CONFIGURATION REGISTERS 


There are three configuration registers to support the I/O peripherals (exclusive of power 
management). These registers include the following: 


@ Peripheral Configuration Register 
@ Peripheral Status Register 
@ External Diskette Latch 
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Peripheral Configuration Register 


The Peripheral Configuration register configures the printer, serial, and modem subsystems. 
Both I/O locations and interrupts may be defined. 


NOTE: The LTE does not support IRQ5 for the printer interrupt. Also, the tertiary printer 
port is not supported. 


I/O Address = 0465H 


Printer IR 
0 = IRQ 5 LTE/286 only 


Printer I/O Port 
OO = Primary LPT 
01 = Secondary LPT 
10 = Tertiary LPT (LTE/286) 
11 = Disable LPT 
Fixed Disk Drive Enable 
O = Disable 
1 = Enable 
Serial/Modem IRQ 
0 = Serial is IRQ3/Modem is IRQ4 
1 = Serial is IRQ4/Modem is IRQ3 


Modem Enable 
O = Disable 
1 = Enable 


Serial Enable 
O = Disable 
1 = Enable 
Serial /Modem |/O Port 
0 = Serial is COM1/Modem is COM2 
1 = Serial is COM2/Modem is COM1 
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Peripheral Status Register 
This register contains status information about some of the peripheral devices in the system. 


I/O Address = 1C65H 
Power Up Reset Value = XXXXXXXOB 


Diskette Boot 
O = Internal floppy 
1 = External floppy 


External Diskette 
O = Installed 
1 = Not installed 


Internal Keyboard Type 
O = Not Used 
1 = 11-bit keyboard (LTE/286) 





External Diskette Connected Latch 


Writing this I/O port causes a strobe to be generated which latches the signals “External 
Diskette Connected” and “Boot Switch” from the external drive box. This address should only 
be written at power-on or warm boot to ensure that these signals do not change during system 
operation. The I/O port address for the External Diskette Connected Latch is OC65h. 
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4.4 SERIAL COMMUNICATIONS 
AND MODEM SUPPORT 


The major component of the asynchronous serial communications circuit is an NS16450 Serial 
Communications Element (ACE) or functionally equivalent device. This device changes data 
received in a parallel format from the system to data in a serial format for the modem or for 
another serial device, such as a serial printer. The NS16450 also performs the reverse function: 
changing data received in serial format to parallel format. 


The NS16450 is I/O-mapped at addresses 3F8h..3FFh or 2F8h..2FFh, depending on whether 
COM1 or COM2 is selected. The COM port is selected during SETUP. The I/O port addresses 
are given in Table 4-3. 








Table 4-3. 
I/O Addresses for Serial Communications 
COM 

1 2 Function Read/Write 
SF8h 2F8h Receiver Buffer 

(when read by system), 

Transmitter Holding register wt? 

(when written to by system) 

OR 

(see note) Baud Rate Divisor Latch R/W 
3F9OhH 2F9h Interrupt Enable or 
(see note) Baud Rate Divisor Latch R/W 
SFAhH 2FAh Interrupt ID RO 
SFBh 2FBh Line Control R/W 
3FCh 2FCh Serial Port Control R/W 
3FDh 2FDh Line Status RO 
SFEH 2FEh Serial Status RO 
SFFhH 2FFh Reserved 





NOTE: When bit <7> of the Line Control register (LCR) is set (=1), writing 
to the first two ports programs the divisor rate for the baud rate generator. 
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The following is a detailed description of the ACE device registers. 


we Receiver Buffer or Transmitter Holding (3F8h) 
This register contains the byte just received or the next byte to be transmitted by the ACE. 
Baud Rate Divisor Latch (3F8h, 3F9h, Read/Write) 


The NS16450 contains a built-in baud rate generator that divides the input clock (1.8432 MHz) 
by a divisor to create a desired baud rate or serial transmission frequency. (Bit < 0 > = 1) 
The divisor is found according to the formula: 


Divisor = 1843200 / (Desired Baud Rate 5 16) 


Table 4-4 defines the baud rates and divisors. 


Table 4-4. 
Baud Rate Divisor 


Baud Rate Divisor 
110 1047 
150 768 
300 384 
600 192 
1200 96 
2400 48 
4800 24 
9600 12 
19200 6 


When bit < 7 > of the Line Control register = 1, the ACE Baud Rate Divisor Latch is enabled 
at 3F8h and 3F9h (2F8h, 2F9h). 
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Interrupt Enable (3F9h, Read/Write) 


The bits of this register enable up to four interrupt sources. The register format is: 


1 = Baud Rate Divisor 
O = Interrupt Enabled 





Interrupt ID (3FAh, Read Only) 


This register contains 1 bit that flags the ACE as the source of the interrupt and 2 bits that 
specify the reason for the interrupt. The ACE interrupts are prioritized, listed below with the 
lowest-priority interrupt first. To clear the interrupt, read the contents of the register shown. 





Bee eo eee 0 8 ao 0 Oo oon a 8 te 8 eo 8 Oe oe 8 ee 8 oe ee ew 8 ew 0 ee 8 we 8 eo ko 0 e 8 oe 8 ee ee Oe ee ew ee 8 8 6 Oe Oh eee ee 8 Oe ee ee ee we we wo oe oO 8 8 8 6 8 ee 8 oo wo Ow oO ee we we Oe 8 8 oe 8 eo oo 8 8 eee 8 wo oe ee ee ee tek ee ee 8 8 8 oe Oo oe Oe oo 8 w 6 oe ke a eo eo 0 Oo 8 hee we oe 8 Oo ee 8 8 oe OO ee ee ee et ee ee 
eee ew we we ewe he ee re wo oO we mee wwe HEHEHE HHH EHR OREO HEED ERE HAE DEES He eRe ROSE eee ee ee REO HERE HEE Eee LO HH eH HEHEHE HOHE HOHE EE ODO REE HE RH HHH OHHH OHHH DO eR eH eH EHH OHO HHH OE He mee wee HEH OER OHHH ROE HE DORR HOH Ome HO weer Hwee e 
CE OO SO 


SS 







Ree e eee eee eee ee eee ee ee ee ee eee eee eee g 
00 = Modem Status register-Clear To Send, Data Set Ready, Ring Indicator, or Carrier Detect 
10 = Received Data Available 
11 = Receiver Line Status register (Overrun Error, Parity Error, Framing Error, or Break) 


01 = Transmitter Holding register empty 
O = Interrupt is pending (this device sent interrupt) 
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Line Control (3F Bh, Read/Write) 


This register specifies the serial data transmission format. 





O = Enable Receiver Buffer/Transmitter Holding registers and Interrupt Enable register access 
1 = Enable Divisor Latch access to write Baud Rate Divisor 


1 = Break control bit = forces SOUT signal low 
1 = Stick parity—with even parity enabled, the parity bit becomes active low 


O = Odd parity 
1 = Even parity 


1 = Parity bit enabled 


_ 

3 
0 = 1 stop bit 
1 = 2 stop bits 





00 = 5-bit word 
01 = 6-bit word 


10 = 7-bit word 
11 = 8-bit word 
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Modem Control (3FCh, Read/Write) 
This register controls the modem interface lines. 


















—J 
Line Status (3FDh, Read Only) 
This register contains the status of the current data transfer. 
Reserved 
1 = Transmitter Holding register and Transmitter Shift register are empty f 








7 

es | 1. 

5 _| 1 = Transmitter Holding resisters empty, ready for character 
(4 | 1=When a Break interupthas occured 
3 | t=FramingerorOSOC—SCS 
2 [1=PartyerorSOSCS—S—SCSCS 
4 [12 Overun errormdatalost. ——OSOSC—~—~—~S~—s~—S—~—“—~s~S 
ei 


1 = Acharacter is in the Data register to be read 
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Modem Status (3FEh, Read Only) 


This register contains the status of the interface lines. 


4.5 





= RI- signal active 


1 = DSR- signal active 


1 = CTS-— siqnal active 


6 
5 
4 
a _[_1= DCD has changed stato since last read by the system 
a 






1 = Ril— has changed state since last read by the system 
1 = DSR- has changed state since last read by the system 
1 = CTS— has changed state since last read by the system 
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The printer circuits are addressed as ports. Data are sent in parallel to the printer, and printer 
Status is received from the printer through these ports. The primary and secondary ports for 
LPT1 and LPT2 are selected during SETUP. Before printing, the system must select the printer 
for output (through the Printer Control register). For each byte sent to the printer: 


= The system checks the Printer Status register. If the busy, paper out, or printer fault signals 
are active, the system either waits until the status changes or it shows an 


error message. 


= The system sends a byte of data to the Printer Data register, then pulses the printer 
STROBE signal (through the Printer Control register) for 500 ns (or more). 


= The system then monitors the Printer Status register for acknowledgement of the data byte 


before sending the next byte. 


In addition to data lines to the printer, the system also has several lines that control 


printer functions. 


Printer functions are controlled by writing to or reading from I/O ports. The printer access 


I/O Ports are given in Table 4-5. 
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Table 4-5. 
I/O Ports For Printer Access 
Primary Secondary 
Port Port Read/Write Function 
3BCh 378h R/W Printer Data register 
3BDh 379h R Printer Status Register 
SBEh 37Ah R/W Printer Control Register 


The printer interface is enabled or disabled during SETUP. 


The following paragraphs describe the registers in detail. 


Printer Data (3BCh or 378h) 


Each byte written to the Printer Data register (read or write) 1s latched into a loopback register 
and is sent to the printer. The register contents can be read back (for test purposes). 


Printer Status (3BDh or 379h, Read Only) 


This register contains the current printer status. 
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Printer Control (3BEh or 37Ah, Read/Write) 


4.6 


This register provides the printer control functions. 





CONNECTORS 


The external serial and parallel connectors are located behind the interface connector cover 
which is shown in Figure 4-1. Figures 4-2 through 4-4 show each connector and provide 
a pinout. 





Figure 4-1. External Interface Connector Locations. 
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Pin Signal 

1 Carrier Detect 

2 Receive Data 

3 Transmit Data 

4 Data Term Ready 

5 Signal Ground 

6 Data Set Ground 

7 Request-to-Send 

8 Clear-to-Send 

9 Ring Indicator 

Figure 4-2. Serial Connector 

Pin Signal Pin Signal 
1 Strobe Data bit O 
3 Data bit 1 Data bit 2 
5 Data bit 3 Data bit 4 
7 Data bit 5 Data bit 6 
9 Data bit 7 10 Acknowledge 
11 Busy 12 Paper end 
13 Select 14 Auto line feed 
15 Error 16 Initialize Printer 
17 Select In 18 Signal Ground 
19 Signal Ground 20 Signal Ground 
21 Signal Ground 22 Signal Ground 
23 Signal Ground 24 Signal Ground 
25 Signal Ground 





Figure 4-3. Parallel Connector 
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Pin Signal Pin Signal 
io 1 GND 2 DO 
3 D1 4 D2 
5 D3 6 D6 
5S 7 D5 8 D6 
= 9 D7 10 SELECT- 
= 11 0 WRITE- 12 VO READ- 
m= 13 IRQ 14 /PCHRDY 
5 15 +5VDC 16 +5VDC 
(<n 17 RST 18 ADD 0 
= 19 ADD! 20 ADD 2 
2 21 MCLOCK 20 SERIAL ACT 
23 EN-MCLOCK 24 MODEM-ON 
25 SPEAKER DRV 26 GND 


Figure 4-4. Modem/Serial Communications Interface 26-Pin Connector 
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KEYBOARD 


5.1 


= 


3.3 


INTRODUCTION 


This chapter describes the keyboard systems of the COMPAQ LTE/286 and COMPAO LTE 
personal computers. 


This chapter contains the following information: 
Overview [5.2] 

Modes of Operation [5.3] 

COMPAQ LTE/286 System Keyboard Controller [5.4] 
Interface Electronics [5.5] 

Scan Codes [5.6] 


Keyboard Power Conservation Features [5.7] 


External Numeric Keypad [5.8] 


OVERVIEW 


The keyboard subsystem of the COMPAQ LTE/286 and LTE Personal Computers comprises a 
keyboard scan controller, keyboard matrix, LEDs, and optional external keypad. The keyboard 
scan controller is located on the I/O board. 


Since the COMPAQ LTE/286 and the COMPAQ LTE use different processors, the keyboard 
subsystem has two independent modes of operation. The LTE keyboard emulates a 9-bit 
keyboard, while the LTE/286 keyboard emulates an 11-bit keyboard. 


In addition to the two modes of operation, the keyboard subsystem has control of the system 
LEDs and the optional external keypad; it also detects low battery conditions. These additional 
operations are identical in both the 9-bit and 11-bit keyboard modes. 


MODES OF OPERATION 


The keyboard subsystem has two modes of operation: 9-bit and 11-bit. The LTE/286, which 
has an 11-bit keyboard subsystem, supports both 9-bit and 11-bit modes. The LTE which has a 
9-bit keyboard subsystem, supports only the 9-bit mode. 


5-1 
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9-Bit Mode 


The normal mode allows compatibility with a standard 9-bit and 11-bit serial interface. Each 
key has a unique make code and break code. The make code is transmitted when the key is 
pressed and the break code is transmitted after the key is released. These codes are jointly 
referred to as the scan codes. 





Enhanced Operation 


Enhanced operation allows the keyboard subsystem to emulate an enhanced keyboard. This is 
done through an embedded numeric pad and separate cursor keys. The embedded numeric pad 
is enabled or disabled by the NUMLOCK key. When enabled, embedded numeric keys transmit 
the key codes of an enhanced numeric pad, providing the optional keypad is not attached. When 
the optional keypad is attached, the embedded pad is disabled via the keyboard scan controller, 


and the embedded numerics only transmit alpha codes regardless of the state of the 
NUMLOCK. 


Cursor control keys always transmit enhanced codes regardless of the state of the NUMLOCK 
or keypad presence. The keyboard subsystem is not capable of transmitting the scan codes for a 
CTRL-ALT-DELETE sequence from the embedded keypad. 


NUMLOCK Key wv 


The NUMLOCK key provides access to the embedded numeric pad if the optional keypad is 
not attached. The keyboard scan controller will be capable of detecting the presence of the 
optional keypad. If attached, the status of the NUMLOCK LED determines if scan codes from 
the keypad are interpreted by the system as digits or cursor/screen control functions. 


Function Key (Fn) 


Operation of the Fn (function) key is unique; its only purpose is to flag the keyboard scan 


controller. No code is sent across the system interface. The operation of Fn depends on the state 
of the NUMLOCK key: 


m™@ NUMLOCK Off (LED off): Operation of the Fn and an embedded numeric key 
transmits the enhanced numeric scan code of a key or the screen control code of a 
cursor key. 


m™ NUMLOCK On (LED on): Operation of the Fn and an embedded numeric key transmits 
the default (alpha) scan code of a key or the screen control code of a cursor key. 
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All scan codes accessed via the Fn key send complete make/break codes. For example, if Fn is 
released while an embedded numeric key is still pressed, the break code of the embedded 
character must be transmitted before any subsequent make code is sent. This occurs regardless 
of the state of NUMLOCK or keypad presence. 


The following table describes the combined effects of the optional keypad, Fn key, and 
NUMLOCK key on the keyboard QWERTY matrix. 


Optional Keypad not installed 


NUMLOCK = On NUMLOCK = Off 









Embedded Numerics Active Embedded Numerics Via Fn 
Alpha Functions Via Fn Alpha Functions Active 
Cursor Controls Active Cursor Controls Active 


Screen Controls Via Fn Screen Controls Via Fn 





Optional Keypad installed 
NUMLOCK = On NUMLOCK = Off 










Embedded Numerics None Embedded Numerics None 
Keypad Numerics Active Keypad Numerics None 
Cursor Controls Active Cursor Controls Active 


Screen Controls Via Fn Screen Controls Via Fn 





11-Bit Mode (LTE/286) 


The select mode uses an 11-bit bidirectional, synchronous interface and different scan codes. 
The select mode is system selectable via software and allows any or all keys to be reassigned to 
one of the following states: make only operation, make/break operation, typematic only 
operation, or typematic and make/break operation. 
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5.4 COMPAQ LTE/286 SYSTEM 
KEYBOARD CONTROLLER 


The system keyboard controller is contained in a system board device. It provides control for: 
m CPU speed 

m@ CPU reset 

m™ CPU system address line (A20) 





ww 


™@ Keyboard communication 


Figure 5-1 shows a functional block diagram of the system keyboard controller. 













| 

SYSTEM INTERFACE Input Buffer Status Register 

(BIDIRECTIONAL 1/O) Command Register (Input Port 64H) | 

ee ee ee 
Or 

Data Register Output Buffer 

(Output Port 60H) (Input Port 60H) | 

| 


Controller 
Output 
Drivers 






INTERNAL KEYBOARD DATA 
ie. 4 INTERNAL KEYBOARD CLO 
eae BUFFER FULL INTERRUPT 
Lal SLOW DOWN 
—_ ENABLE SYSTEM ADDRESS 20 
te PROCESSOR RESET 


Keyboard 
Interface 


Controller Processor 


Figure 5-1. System Keyboard Controller Functional Block Diagram 
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Programming the System Keyboard Controller 


The controller is I/O-mapped at port addresses 60h and 64h. The controller’s communication 
interface to the CPU consists of an input buffer, an output buffer, and a system interrupt signal. 
Data or commands written from the CPU to the controller are put into the controller’s input 
buffer. Data returned to the CPU from the controller are put into the output buffer. 


Prior to writing a command or data to the controller’s input buffer (output ports 60h or 64h), 
the Controller Status register (input port 64h) must indicate “Input Buffer Empty.” Prior to 
reading data from port 60h, the Controller Status register must be tested to ensure that the 
“Output Buffer Full” condition exists. 


Port 60h, Data I/O Register 


The system keyboard controller Data I/O register is used to send and receive data from the 
keyboard, to send the second byte of multi-byte commands to the system keyboard controller, 
and to receive responses from the system keyboard controller for commands that return 

a response. 


Use the 80C286 IN Instruction to read data from the controller output. Data in the Data I/O 
register are from the keyboard, unless the controller has been given a command that returns a 

= response, such as 20h, Read Command Byte. When data are read from the output buffer, the 
controller resets the “Output Buffer Full” flag in the Status register. 


Use the 80C286 OUT Instruction to send data to the keyboard. All data written to the Data I/O 
register are transmitted to the keyboard, except for data written after the controller has been 
given the first byte of a multi-byte command, such as 60h, Write Command byte. To give a 
multi-byte command to the system keyboard controller, write the first command byte to port 
64h and the second byte to port 60h. Be sure the “Input Buffer Empty” condition exists before 
writing each byte. 
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Port 64h, Command/Status Register 


The Command/Status register is used to send commands to the system keyboard controller and 
receive status of the controller and keyboard. g 


Use the 80C286 IN Instruction to read the Controller’s Status register. The Controller Status 
register bit definitions are shown below. 


Use the 80C286 OUT Instruction to give a command to the controller. Writing to this address 
automatically sets the Command/Data flag in the Status register to 1. See “System Keyboard 
Controller Command Codes” for valid command descriptions. 


Controller Status Register 





an attempt to recover 


1 = Receive timeout error 
Keyboard transmission started, but did not finish in 2 ms 
1 = Transmission timeout error 
Bit < 5 > set — keyboard did not supply clock 
Bits < 6,6 > set — keyboard did not respond with ACKnowledge 


Reserved 


| * | O = Output buffer contains data 





1 = Output buffer contains command 


O = Power-On (cold boot) 

1 = Software reset (warm boot) 
O = Input buffer is empty 

1 = Input buffer is full 


O = No new data in buffer (output buffer empty) 
1 = New data in buffer (output buffer full) 


System Keyboard Controller Command Codes 


The system keyboard controller command codes consist of commands to control CPU speed, 
CPU reset, CPU system address line 20 (A20), and keyboard communication. Each command Is 
executed by the controller after the CPU writes the corresponding code to port 64h. 
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CPU Speed Commands 
FAST Speed (Alh) 


= The controller output port selects the 8-MHz RAM and 8-MHz I/O speed (SLOWDWNL 
signal = 0). 


HIGH Speed (A2h or A3h) 


The controller output port selects the 12-MHz internal RAM and 8-MHz I/O and external RAM 
speed (SLOWDWNL signal = 1). 


Toggle Speed (A4h) 


The controller changes its speed control output bit between the FAST speed and the speed 
defined with the HIGHSP command (A6h). 


Special Read (A5h) 


The data in the following bit drawing is put into the controller’s output buffer. No “Output 
Buffer Full” is generated. 





7 O = Keyboard Data signal low (logic 0) 
1 = Keyhoard Data signal high (logic 1) 


O = Keyboard clock signal high (logic 1) 
1 = Keyboard clock signal low (logic 0) 
0 = 11-bit keyboard is in use 

1 = Reserved 


0 = Interrupt (IRQ2) generated when output buffer is full 
1 = Interrupt (IRQ2) not generated when output buffer is full 


6 
| = | Reserved 





O = CPU Speed is 8-MHz RAM and 8-MHz |/O 
1 = CPU Speed is 12-MHz RAM and 8-MHz |/O 


O = Address Line 20 (A20) is held low (logic 0) 
1 = Address Line 20 (A20) is enabled 


0 1 = System RESET signal is inactive 
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HIGHSP (A6h) 


The controller interprets the next byte written to its input buffer as the maximum speed for the 
system when the Toggle command (AAh) ts used. 





Value Highest Speed 

OOh Fast - 8-MHz RAM and 8-MHz I/O 

Oth HIGH - 12-MHz internal RAM and 8-MHz I/O and external RAM 
O2h Same as HIGH (01h) 


CPU Reset Commands 


Pulse RESET Signal (F0h, F2h, F4h, F6h, F8h, FAh, FCh, FEh) 


Directs the controller to pulse (strobe low) the RESET signal for approximately 5 us. No other 
outputs are modified. 
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CPU System Address Line 20 (A20) Commands 


Read Output Port (DOh) 


Nee Directs the controller to transfer the status of controller output signals to the output buffer. Use 


the Read Output Port command only when the output buffer is empty. The following data is put 
into the output buffer. 


O = Keyboard Data signal low (logic 0) 
1 = Keyboard Data signal high (logic 1) 
O = Keyboard clock signal high (logic 1) 
1 = Keyboard clock signal low (logic 0) 


O = Output buffer full interrupt signal (IRQ4) is high (logic 1) 


1 = Output buffer full interrupt signal (IRQ4) is low (logic 0) 


O = Address Line 20 (A20) is held low (logic 0) 
1 = Address Line 20 (A20) is enabled 


— O = System RESET signal is active 
1 = System RESET signal is active 








COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


| 5-10 Keyboard 


Write Output Port (Dih) 


Directs the controller to set the FORCEA20 signal either high or low according to bit < 1 > of 
the next byte written to the controller’s input buffer. No other controller outputs are modified. 


ww 


O = Hold address Line 20 (A20) low 
1 = Hold address Line 20 (A20) is enabled 





Keyboard Communication Commands 


Read Command Byte (20h) 
This command puts the current command byte in the controller’s Data I/O register. (See “Write 
Command Byte” command for command byte definition.) 
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Write Command Byte (60h) 


This command loads the next byte put into the controller’s Data I/O register as the command 


byte. The command byte controls the system keyboard controller operation as shown in the bit 
drawing below. 





0 = Do not convert keyboard codes 

1 = convert keyboard codes to the 8088/8086 scan codes 
0 = Use 11-bit keyboard codes 

1 = Reserved 


O = Enable keyboard interface 
1 = Disable keyboard interface 
3 | Reseved 


System flag - the value written to this bit is written into the corresponding bit of the 
Status register 


1 


0 = Do not generate interrupt when output buffer is full 
1 = Generate interrupt when output buffer is full 
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Initialize Controller (AAh) 


The controller initializes its output signals, disables the keyboard interface, clears the buffer 
pointers, then places 55h in the output buffer. 





Interface Test (ABh) 


This command directs the controller to test the data and clock signals of the keyboard interface. 
The output buffer receives the test results as follows: 


OOh No error detected 

Oth Keyboard clock signal stuck low 

02h Keyboard clock signal stuck high 

O3h Keyboard data signal stuck low 

04h Keyboard data signal stuck high 

O5h Keyboard clock signal connected to the Keyboard data signal 


Disable Keyboard Interface (ADh) 


This command sets bit < 4 > of the controller’s command byte, which disables the keyboard —J 
interface. Data is not received until the keyboard is enabled again. 


Enable Keyboard Interface (AEh) 


This command resets bit < 4 > of the controller’s command byte, which enables the 
keyboard interface. 


Read Input Port (COh) 


Since there is no input port in the COMPAQ SLT/286 keyboard controller, the controller 
returns DOh in the output buffer when this command Is executed. 
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Read Keyboard Interface Signal Levels (EOh) 


This command directs the controller to put the current state of the keyboard clock and keyboard 
data signals into the output buffer as shown in the bit drawing below. 









O = Keyboard data signal low (logic 0) 
1 = Keyboard data signal high (logic 1) 
O = Keyboard clock signal low (logic 0) 
1 = Keyboard clock signal high (logic 1) 


INTERFACE ELECTRONICS 


The interface electronics differ between the 9-bit LTE keyboard subsystem and the 11-bit 
LTE/286 keyboard subsystem. The 9-bit LTE uses a synchronous serial interface, while the 
11-bit LTE/286 uses a bidirectional synchronous serial interface. 


Functions and Features 


The keyboard subsystem incorporates several functions and features that must be met to ensure 
a reliable communications link to the system processor. 


Errors 


The keyboard scan controller/firmware handles and prevents the problems normally associated 
with key switch teasing, bounce, and phantom key detection. Phantom key detection refers to 
the erroneous detection of keys not actually depressed due to a “sneak path” in the switch 
matrix. 


Rollover 


Rollover is the ability of the keyboard subsystem to detect multiple keys held down at the same 
time. The keyboard scan controller/firmware detects multiple keys held down at the same time. 
The keyboard subsystem detects common three and four key sequences (THEN, THE, AND, 
ING,..). In addition, the rollover implementation allows the CTRL (stations 58 and 64) and 
ALT (stations 60 and 62) keys to be recognized with any two other keys held down (total of 
four keys depressed — CTRL, ALT, and two others). 
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Key Actuation Speed 


The keyboard subsystem detects any single key depressed twice and transmits both the 
make and break scan codes at a repeat rate of 75 ms. The repeat rate is measured from 
keyswitch down to keyswitch down with each key depression held for 10 ms then released. ww 


Typematic Performance 


Any key held down has an auto-repeating rate of 12 characters per second after a delay of 500 
ms. When multiple keys are depressed, the last depressed key is valid for typematic action. 
Auto-repeating stops when the last depressed key is released with no “reverse-typematic” action 
(auto-repeating does not revert to the next most recent key depressed). 


Break codes of keys released during typematic are not sent during the typematic transmission. 
Typematic action consists of multiple transmissions of the make code. 


Character Buffer 


The keyboard is capable of storing or buffering characters (16-bytes LTE, 24-bytes LTE/286) 

including make and break codes on a “first-come, first-out” basis. Typematic types are not 

stored. When the buffer capacity is exceeded, the overrun code, FFh, is loaded in buffer 

location (17 for the LTE, 25 for the LTE/286). Keystrokes detected after the buffer is filled are —J 
lost. Once inhibition is removed, the codes are transmitted in the same order as received, 

including the overrun code. 


Status LEDs 


Three green LEDs are associated with the keyboard operation of the keyboard subsystem: 
NUMLOCK, SCROLL LOCK, and CAPSLOCK. These LEDs are controlled by the keyboard 
scan controller. All LEDs are in the off state after keyboard initialization. Each time the 
associated keyswitch is depressed, the LED changes states. 
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The only exception is that the CTRL + associated LED key combination does NOT cause a 
State change of the LED. Although the associated LED keys are typematic, the LED changes 
States on the initial depression and does not change until the next key depression. 


Approximately 500 ms after power-up, all LEDs will be turned on for 500 to 666 milliseconds 
and then turned off. 


A change of state of NUMLOCK from Off to On activates enhanced operation if the optional 
numeric pad is attached, otherwise it enables the embedded numeric pad. 


LTE/286 Command Structure 


The system and keyboard subsystem have a set of commands to facilitate communication and 
system control. These commands may come from either device at any time. A command is 
never embedded within a character from the keyboard. 


The keyboard scan controller must respond with an ACKnowledge (FAh) to a system command 
and carry out the command prior to taking any other action. On completion of the command, 
the keyboard scan controller either retransmits any interrupted scan code transmissions or 
continues scanning if it was previously enabled. 
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LTE/286 Keyboard-to-System Codes 
Table 5-1 lists the keyboard-to-system codes. 





Table 5-1. 
LTE/286 Keyboard To System Codes 
Code Response 
FAh Acknowledge Code 
FOh Break Code 
EOh and Eth Enhanced Code 
FDh Failure Code 
EEh Echo Code 
OOh or FFh Keyboard Configuration Code 
83h Keyboard Identification Code 
OOh Key Detection Error Code 
00h Overrun Code 
AAh Power-Up Complete Code 


FEh Resend Code JI 
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LTE/286 ACKnowledge (FAh) 
This is the keyboard acknowledgment to every valid input from the system other than ECHO 
and RESEND. If the system command was not valid, or had a parity error, the RESEND 


command is used instead of ACK. If the system interrupts the keyboard during the ACK 
transmission, the ACK is discarded and the new command Is accepted and processed. 


LTE/286 Break Code (FOh) 


All keys transmit both a make and break code. The break code is simply the make code for that 
key station plus the break code prefix, FOh. Release of a key initiates the FOh and then the 
make code. 


LTE/286 Enhanced Code (E0h and Eth) 


All enhanced operation keys (stations 62, 64, 75 through 89, 124, and 125) transmit EOh before 
each valid keyboard scan code in the normal make and break configuration. The enhanced 
Pause/Break key (station 126) transmits E1h before each valid keyboard scan code in the 
normal make and break code configuration. 


The EOh and Eth prefixes are used with the lower case keys to form a unique code for the 
enhanced keys. 


LTE/286 Failure Code (FDh) 


This is an internally generated response to a keyboard fault condition; it is not a response to a 
keyboard self test. 


LTE/286 Echo Code (EEh) 


This is the required response to the ECHO command from the system. Note that when the 
system issues the command, this response is substituted for an ACK (FAh). 


LTE/286 Keyboard Configuration Code 
(00h or FFh) 


The keyboard responds with an ACK and then transmits 00h or FFh to indicate if the optional 
keypad is attached. If the keypad is attached, the response is FFh; if the keypad is not attached, 
the response 1s OOh. 
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LTE/286 Keyboard Identification Code 

(83h ABh) 

This is a two-byte hex code in response to a system Enhanced Keyboard Indicator Command 

(F2h). It identifies the type of keyboard attached to the system. On receipt of an F2h, the ~al? 
keyboard responds with an ACK, stops scanning and sends the two-byte ID code, then resumes 
scanning. The low byte (ABh) is sent first, followed by the high byte (83h) within 500 us 

unless inhibited by the system (KBDCLK line clamped low). When the inhibit is released, the 

keyboard then sends the second byte. 


LTE/286 Key Detection Error Code (00h) 


The keyboard transmits an error detection code if a switch closure cannot be identified. In both 
the normal and select modes, OOh is transmitted. 


LTE/286 Overrun Code (00h) 


The keyboard loads an overrun code in location 25 of the keyboard buffer when the buffer has 
reached capacity. Code OOh is used for the normal and select modes. These codes are sent to the 
system to indicate a buffer overrun. 


LTE/286 Power-Up Complete Code (AAh) wv 


This code is sent to the system after power-up complete when keyboard inhibition is removed 
(at initial system startup) or on completion of a RESET command from the system. 


LTE/286 Resend Code (FEh) 


The keyboard issues a RESEND command following receipt of an invalid input, or any input 
with incorrect parity or framing errors. If the system sends nothing to the keyboard, no 
response is required. 





COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 








LTE/286 System-to-Keyboard Codes 
Table 5-2 lists the LTE/286 System-to-keyboard codes. 


Table 5-2. 


LTE/286 System-to-Keyboard Codes 


Code 

F5h 

EEh 

F4h 

ECh 

F2h 

FEh 

FFh 

EFh/Fih 

F6h 

EDh 

F3h 

FOh 
F7h/F8h/F9h/FAh 
FBh/FCh/FDh 
BOh 


Response 

Default Disable Command 

Echo Command 

Enable Command 

Keyboard Configuration Command 
Enhanced Keyboard Indicator Command 
Resend Command 

Reset Command 

Invalid Command 

Set Default Conditions Command 
Set Status Indicators Command 
Set Typematic Values Command 
Select Alternate Mode Command 
Set All Key Code Commands 

Set Individual Keys Commands 


Screen Save Command 


LTE/286 Default Disable Command (F5h) 


This command is the keyboard disable command from the system. The keyboard responds with 
an ACK and resets to the following conditions: 


Reset typematic rate to 10 characters/second (20%) 
Set typematic delay to 500 milliseconds (20%) 
Halt scanning. Clear the keyboard buffer 

Set the default key types (select mode only) 

Clear the last typematic key 


Await further instructions from the system. 
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LTE/286 Echo Command (EEh) 
The keyboard responds with the ECHO response (EEh), and no other action occurs. 





LTE/286 Enable Command (F4h) 


This command enables the keyboard and the keyboard responds with an ACK, clears its output 
buffer, and begins scanning. 


LTE/286 Keyboard Configuration Command (ECH) 


This command is used primarily in the manufacturing diagnostics to indicate the presence or 
absence of the optional numeric keypad. The keyboard acknowledges the command, then sends 
either FFh or OOh. FFh indicates the optional numeric key pad is present; OOh indicates the 
optional numeric keypad is absent. 


LTE/286 Enhanced Keyboard Indicator Command (F2h) 


This command is transmitted to the keyboard during the power-up sequence. If at any time, F2h 

is transmitted to the keyboard, the keyboard responds with an ACK, stops scanning, and 

transmits the ID code. The first byte (ABh) is followed by the second byte (83h). After 

transmission of the keyboard ID code, the keyboard resumes scanning. 


LTE/286 Resend Command (FEh) 


Upon receipt of this command, the keyboard responds by retransmitting the last byte sent 
across the interface. If the last byte transmitted was the keyboard RESEND, the keyboard 
transmits the byte sent before the RESEND from the keyboard. This command may be issued 
by the system only after a keyboard transmission, before the inhibition to the keyboard 

is removed. 


LTE/286 Reset Command (FFh) 


Upon receipt of this command, the keyboard transmits an ACK to the system. The 

system must accept the ACK by raising the KBDCLK and KBDDATA lines for at least 500 us 
before the keyboard can process the RESET command. The keyboard disables itself from the 
time the RESET is received until either the ACK is accepted or a new command Is issued. Any 
new command issued takes precedence over the RESET command. 
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If the keyboard ACK is accepted, the keyboard will process the RESET by: 


m@ Clearing the output buffer 
= m Setting the default typematic rate 
@ Turning all LEDs on for approximately 300 ms, and then clearing the LEDs 
@ Sending the Power-up Complete command (AAh) within 900 ms of sending the ACK 
™@ Defaulting to the Normal Mode 
In addition to the above events, if the keyboard is in the Select mode it resets the scan codes to 
the default for the Select mode and returns to the Normal mode default conditions. 
LTE/286 Invalid Command (EFh and FIih) 
The keyboard does not acknowledge these commands. The keyboard transmits a RESEND 
command and continues scanning. 
LTE/286 Set Default Conditions Command (F6h) 
The keyboard responds with an ACK and resets to the following conditions: 
wy Reset typematic rate to 10 characters/second (20%) 


Set the typematic delay to 500 ms (20%) 
Clear the keyboard output buffer 

Set the default key types (scan code 03 only) 
Clear the last typematic key 


Continue to scan 
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LTE/286 Set Status Indicators Command (EDh) 


This command alters the state of the keyboard LED indicators. The receipt of this command 

is the only method that can alter the state of the LEDs, other than by receipt of a command 

forcing the default conditions. This is a two byte command. After receipt of the first byte, EDh, ww 
the keyboard transmits an ACK, suspends scanning, and waits for the status byte. After receipt 

of the status byte, the keyboard sets the LEDs indicated, transmits an ACK and resumes 

scanning if previously enabled. A “1” turns the indicated LED ON, a “QO” turns it OFF. If any 

other command is received in place of the status byte, the original command is aborted and the 

new command is processed. No change to the LEDs occurs. If the SET DEFAULT and 

DEFAULT DISABLE commands are received, all LEDs remain in the power-on state. 


The status byte is formatted as follows: 









Ce ee Oe ee 
Se 

Ce re ee ee ee 
tee ee we we we ww www ew ee ew we we ww he te we ee ee 
Pee er ee Oe Oe Oe ee ST 


| 2 CAPSLOCK Indicator 
L | NUMLOCK Indicator 






SCROLL LOCK Indicator 





The NUMLOCK Indicator also enables/disables the embedded number pad. This command 
does not affect the POWER or STANDBY LEDs in any manner. 


LTE/286 Set Typematic Values Command (F3h) 


This is a two-byte command used to change the typematic rate and to set the time delay before 
typematic action (auto-repeating) starts. The keyboard responds with an ACK for each byte. 
After receipt and ACK of the command byte, the keyboard suspends scanning and waits for the 
parameters byte. 


After a successful completion of the SET TYPEMATIC command the keyboard responds with 
an ACK and resumes scanning if previously enabled. 
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The parameters byte is formatted as follows: 





The typematic rate is given by the following equation: 
Period = (8 + RateQ) * (2*Rate1) * 0.00417 
The typematic delay is given by the following equation: 
Typematic Delay = (Delay + 1) * 250 milliseconds 


Since the rate change command byte was acknowledged, the keyboard must receive an 
ENABLE command to continue scanning in the event another command is sent. If another 
command Is received in place of the parameter byte, the rate change command is aborted, 
scanning is discontinued and the new command Is processed with no change to the 
typematic rate. 


Typematic transmissions of multibyte make hex codes (EO, 1E) require a 1-ms delay between 
each make hexcode byte. The delay is measured from the falling edge of the stop bit to the first 
make hex code to the falling of the start bit of the next make hex code. After the 1-ms delay the 
keyboard checks the status of the KBDCLK line and responds with the correct protocol (RTS). 
If the system has clamped KBDCLK low, the keyboard restarts the 1-ms ns This procedure 
repeats until the next make hex code byte can be transmitted. 


LTE/286 Select Alternate Mode Command (FOh) 


The keyboard acknowledges the command, clears the output buffer and typematic key (if 
active), and prepares to receive the system option byte. The system option byte indicates the 
mode of operation to establish. The keyboard acknowledges the option byte, establishes the 
new mode of operation and resumes scanning. 
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The option byte selects the hex scan code table for bidirectional communication 





as follows: 

Option 

Byte Mode 

Hex 02 Normal 

Hex 03 Select 

Hex 00 Return current mode 


The keyboard has the capability of receiving and responding to all system commands in 
both modes. 


LTE/286 Set All Key Code Commands 

(F7h, F8h, F9h, FAh) 

The keyboard acknowledges the command, clears the output buffer, sets all keys to the type 
indicated by the command and continues scanning if previously enabled. These commands 
affect only the Select mode of operation. The commands and instructions are as follows: 


m F7h = Set all keys — Typematic Only 

m FS8h = Set all keys — Make/Break Only 

@ F9h = Set all keys —- Make Only 

m@ FAh = Set all keys — Typematic and Make/Break 


LTE/286 Set Individual Keys Commands 
(FBh, FCh,FDh) 


The keyboard acknowledges the command, sets the individual keycode command (FBh, FCh, or 
FDh), clears the output buffer, and waits for the key identification byte. 


Key identification is accomplished by each key station scan code listed in the Select Scan Code 
Table. The type for each key identified is set to the value transmitted in the Set Individual Key 
instruction Hex code. The keyboard acknowledges the key identification byte, establishes the 
new key type, and waits for further instruction. The keyboard remains disabled until the system 
sends an enabling command (F4h). This allows for several or all keys to be set at once. The hex 
commands and instructions are as follows: 
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m@ FBh = Set key type — Typematic Only 
m™ FCh = Set key type — Make/Break Only 
m@ FDh = Set key type —- Make Only 


LTE/286 Screen Save Command (BOh) 


This is a two-byte command used to set the screen save time-out value. The keyboard responds 
with an ACK for each byte. After receipt and ACK of the command byte, the keyboard 
suspends scanning and waits for the parameters byte. 


After a successful completion of the SCREEN SAVE command the keyboard responds with an 
ACK and resumes scanning, if previously enabled. 


The parameters byte is formatted as follows: 





Time Value in Minutes 
O = Disabled 
1..63 = minutes 


This is a COMPAQ LTE/286-specific command. No other Compaq products respond to this 
command. 


SCAN CODES 


The following tables list the scan codes for the 9-bit and 11-bit keyboards. The following is 
used to designate keytypes: 


* = Domestic 
* = International 
# = Reserved 


The ampersand (@) is used to denote enhanced key stations with two locations (embedded 
numeric keypad and external keypad). The embedded key stations are disabled when an 
external keypad is installed. 


Figures 5-2 and 5-3 show the key stations referred to in the scan code lists. 
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110 112] [113] [114] 1115] [116] |117] [118] [119] [120] | 121 124| 1125] |126] | 75 76 
122) 1123 
91 1@1 100 
1 Z 3 4 5 7 8 12 ste 12 ate) 15 
92 97 102!) |1@5 

16 17 18 19 20 21 22 23 24 25 26 ae 28 29 
92 98 103] 1106 108 

30 351 32 33 34 55 36 ST 38 39 40 41 43 
99 104} |95 83 
44 46 47 48 49 5Q@ ay 52 53 54 55 57 85 
80 89 84 
59 58 61 62] |64 79 81 86 


Figure 5-2. Key stations for U.S. English Notebook Keyboard. 
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— 11@ 112 113 114 115 116 117 118 119 120 121 124 125 126 75 76 
122 123 
91 101) [100 
1 2 3 4 5 7 8 10 11 12 13 | 115 
92 97 | {102) {105 

16 {7 18 19 20 | {21 92 \ 23 24 | |25 | 126 7 28 29 
92 ) {98 103) {106 108 

30 31 32 ees 4 Sa 35 | 136 | 137 | [38 39 | | 40 41 43 
99 104) [95 83 
44 46 | 147 48 | 49 | [50 | (51 52 | {53 | [54 | 155 57 85 
80 89 84 
59 58 61 62] |64 79 81 86 


Figure 5-3. Key stations for International Notebook Keyboard. 
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9-Bit Normal Mode Scan Codes 





Key Make Break Key Make Break 
Number Code Code Number Code Code 
29 AQ 29* 2B AB 
2 02 82 30 3A BA 
3 03 83 31 1E 9E 
4 04 84 32 1F OF 
5 05 85 33 20 AO 
6 O06 86 34 21 At 
7 07 87 35 22 A2 
8 08 88 36 23 A3 
9 O09 89 37 24 A4 
10 0A 8A 38 25 A5 
11 OB 8B 39 26 A6 
12 OC 8C 40 27 A7 
13 OD 8D 41 28 A8& 
14# 7D FD 42# 2B AB 
15 OE 8E 43 1C 9C 
16 OF 8F 44 2A AA 
17 10 90 45** 96 D6 
18 11 91 46 2C AC 
19 12 92 47 2D AD 
20 13 93 48 2E AE 
21 14 94 49 2F AF 
22 15 95 50 30 BO 
23 16 96 51 31 Bt 
24 17 97 52 32 B2 
25 18 98 93 33 B3 
26 19 99 54 34 B4 
27 1A 9A 995 35 B5 
28 1B 9B o6# 73 F3 
Continued 
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Key Make Break Key Make Break 
Number Code Code Number Code Code 
57 36 B6 105@ 4A CA 
58 1D 9D 106@ 4E CE 
60 38 B8 107# 7E FE 

61 39 B9 108@ EO01C EO 9C 
62 EO 38 EO B8 109# 78 F8 
64 EO 1D EO 9D 110 01 81 

90 45 C5 112 3B BB 
91@ 47 C7 113 3C BC 
92@ 4B CB 114 3D BD 
93@ 4F CF 115 3E BE 
94# 7C FC 116 SF BF 
96@ 48 C8 117 40 Co 
97@ 4C CC 118 41 C1 
98@ 50 DO 119 42 C2 
99@ 52 D2 120 43 C3 
100@ 37 B7 121 44 C4 
101@ 49 C9 122 57 D7 
102@ 4D CD 123 58 D8 
103@ 51 D1 125 46 C6 
104@ 53 D3 





For the 9-bit keyboard mode, enhanced key stations (75, 76, 79 to 81, 83 to 86, and 89) are 
typematic. The typematic make code (that code which is sent multiple times) for these keys is 
the same make code as shown under the Base Case. The break code for typematic operation is 
shown in the following table. 
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Both key station locations for the enhanced key stations (75, 76, 79 to 81, 83 to 86, and 89) are 
active if the external keypad is installed. The embedded key station (95) is disabled if the 


external key pad 1s installed. | wail 
Base Case, or Shift Case 
Key Shift + NUMLOCK @ NUMLOCK On 
Number Make/Break Make/Break Make/Break 
75 EO 52/ EO AA EO 52/ EO 2A EO 52/ 
EO D2 EO D2 EO 2A EO D2 EO AA 
76 EO 53/ EO AA EO 53/ EO 2A EO 53/ 
EO D3 EO D3 EO 2A EO D3 EO AA 
79 EO 4B/ EO AA E0 4B EO 2A EO 4B 
EO CB EO CB E0 2A EO CB EO AA 
80 EO 47/ EO AA EO 47/ EO 2A EO 47/ 
EO C7 EO C7 EO 2A EO C7 EO AA 
81 EQ 4F/ EO AA EO 4F/ EO 2A EO 4F/ 
EO CF EO CF EO 2A EO CF EO AA 
83 EO 48/ EO AA EO 48/ EO 2A EO 48/ 
EO C8 EO C8 E0 2A EO C8 EO AA 
84 EO 50/ EO AA EO 50/ EO 2A EO 50/ 
EO DO EO DO E0 2A EO DO EO AA 
85 EO 49/ EO AA EO 49/ EO 2A EO 49/ 
EO C9 EO C9 E0 2A EO C9 EO AA 
86 EO 51/ EO AA EO 51/ EO 2A EO 51/ 
EO D1 EO D1 EO 2A EO D1 EO AA 
89 EO 4D/ EO AA EO 4D/ EO 2A EO 4D/ 
EO CD EO CD E0 2A EO CD EO AA 
NUMLOCK On or NUMLOCK On + Shift or 
Key NUMLOCK Off + Fn NUMLOCK Off + Fn + Shift 
Number Make/Break Make/Break 
95 EO 35 EO AA EO 35 
EO B5 EO B5 EO 2A 
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If key station 44 is held down, the AA/2A make/break code is sent with the other scan codes. 
When key station 57 is held down, the B6/36 make/break code is transmitted. When both key 
stations are held down, both sets of make/break codes are transmitted with the key scan code. 
The 9-bit enhanced key station #124 is typematic. The typematic make code for the Base Case 
is EO 37. The typematic make code for the ALT Case is 54. 





CTRL Case, or 





Key Base Case Shift Case ALT Case 
Number Make/Break Make/Break Make/Break 
124 EO 2A E0 37 EO 37 54/ 

EO B7 EO AA EO B7 D4 


ae 


In the 9-bit keyboard emulation mode, key station #126 is not typematic; all scan codes occur 
on the “make” of the key. 


ne 


Key 
Number Make Code CTRL Case 
126 E11D45E19DC5 EO 46 EO C6 


rn 


In the 9-bit keyboard emulation mode, there are two conditions that require the shift break code 
to be transmitted before the second key station make code is transmitted. 


™ Enhanced key station in combination with either shift key and any third key station. 
= NUMLOCK enabled, enhanced key station pressed and any second key station pressed. 


When either of the above conditions is true, the system is in upper case. To enable a lower case 
character to be sent, the keyboard must first reset the system to lower case by transmitting the 
break code for the “shift.” 
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If one of the following enhanced key stations is pressed and goes into typematic mode and any 
second key is pressed, the keyboard transmits the first half of the break scan code for the first 
key station (break scan code for the shift). The keyboard then transmits the second key station 























make scan code. Upon release of the first key station, the keyboard transmits the remaining ” 
break scan code for the first depressed key station. Normal keyboard operations continue after 
the second key station make scan code is transmitted. 
Key Condition 1 Condition 2 
Number Left Shift Right Shift NUMLOCK On 
75 EO 2A EO 36 EO AA 
76 EO 2A EO 36 EO AA 
79 EO 2A EO 36 EO AA 
80 EO 2A EO 36 EO AA 
81 EO 2A EO 36 EO AA 
83 EO 2A EO 36 EO AA 
84 EO 2A EO 36 EO AA 
85 EO 2A EO 36 EO AA 
86 EO 2A EO 36 EO AA ww 
89 EO 2A EO 36 EO AA 
95 EO 2A E0386 = —— nneee- 
12400 weet meee EO AA 





NOTE: Key station 124 transmits EO AA under condition 2 independent of NUMLOCK On or 
NUMLOCK Off. 
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In the 9-bit keyboard emulation mode, the inclusion of the function key (key station #59) and 
the embedded numeric keypad enables several key stations to emulate two different key station 
numbers if the external key pad is not installed. The key stations with duplicate key station 












































w numbers are shown in Figures 5-2 and 5-3, National/International key stations. The make/break 
codes for these key stations are shown in the following table. 
NUMLOCK On or NUMLOCK Off or 

Key Fn + NUMLOCK Off Fn + NUMLOCK On 
Number Make/Break Make/Break 
91 47/C7 08/88 
96 48/C8 09/89 
101 49/C9 OA/8A 
100 37/B7 0B/8B 
92 4B/CB 16/96 
97 4C/CC 17/97 
102 4D/CD 18/98 
105 4A/CA 19/99 

~~ 93 4F/CF 24/A4 
98 50/D0 25/A5 
103 51/D1 26/A6 
106 4E/CE 27/A7 
108 EO 1C/E0 9C 1C/9C 
99 52/D2 32/B2 
104 53/D3 34/B4 
95 EO 35/E0 B5 35/B5 

NUMLOCK Off 

Key Base Case Fn + Cursor 
Number Make/Break Make/Break 
79/80 EO 4B/EO CB EO 47/E0 C7 
83/85 EO 48/E0 C8 EO 49/E0 C9 
84/86 EO 50/E0 DO EO 51/E0 D1 
89/81 EO 4D/E0 CD EO 4F/EO CF 
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NUMLOCK On 
Key Base Case Fn + Cursor 
Number Make/Break Make/Break 
79/80 EO 2A/E0 4B EO 2A/E0 47 
EO CB/EO AA EO 4C/EO AA 
83/85 EO 2A/E0 48 EO 2A/E0 49 
EO C8/EO AA EO C9/EO AA 
84/86 EO 2A/E0 50 EO 2A/E0 51 
EO DO/EO AA EO D1/E0 AA 
89/81 EO 2A/E0 4D EO 2A/E0 4F 
EO CD/EO AA EO CF/EO AA 





The different key station combinations and the key scan codes that are output to the system in 
the 9-bit keyboard emulation mode are shown in the following list. This list is provided to help 
clarify the operation of the embedded keypad and function key list. 


NOTE: The key station code for the function key is 59. 


When the external numeric keypad is installed, the embedded numeric keypad is disabled. 
Therefore, only those entries marked with an asterisk (*) are active if the external keypad 
is installed. 
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Key Make/Break 
Combination Function Code 
Fn + 122 F11 57/D7 
Fn +123 F12 58/D8 
NUMLOCK + 91 Numeric Pad 7 47/C7 
NUMLOCK + SHIFT + 91 Home 2A 47/C7 AA 
NUMLOCK + Fn + 91 Numeric 7 08/88 
NUMLOCK + SHIFT + Fn + 91 & (Ampersand) 2A 08/88 AA 
08 Numeric 7 08/88 
SHIFT + 08 & (Ampersand) 2A.08/88 AA 
Fn + 08 Home 47/C7 
SHIFT + Fn + 08 Numeric Pad 7 2A 47/C7 AA 
NUMLOCK + 96 Numeric Pad 8 48/C8 
NUMLOCK + SHIFT + 96 Cursor Up 2A 48/C8 AA 
NUMLOCK + Fn + 96 Numeric 8 09/89 
NUMLOCK + SHIFT + Fn + 96 * (Asterisk) 2A 09/89 AA 
09 Numeric 8 09/89 
SHIFT + 09 * (Asterisk) 2A 09/89 AA 
Fn + 09 Cursor Up 48/C8 
SHIFT + Fn + 09 Numeric Pad 8 2A 48/C8 AA 
NUMLOCK + 101 Numeric Pad 9 49/C9 
NUMLOCK + SHIFT + 101 PgUp 2A 49/C9 AA 
NUMLOCK + Fn + 101 Numeric 9 OA/8A 
NUMLOCK + SHIFT + Fn + 101 ( 2A OA/8A AA 
10 Numeric 9 OA/8A 
SHIFT + 10 ( 2A OA/8A AA 
Fn + 10 PgUp 49/C9 
SHIFT + Fn + 10 Numeric Pad 9 2A 49/C9 AA 
NUMLOCK + 100 * (Pad) 37/B7 
NUMLOCK + SHIFT + 100 * (Pad) 2A 37/B7 AA 
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Key 
Combination 


NUMLOCK + Fn + 100 
NUMLOCK + SHIFT + Fn + 100 
11 

SHIFT + 11 

Fn +11 

SHIFT + Fn + 11 

NUMLOCK + 92 

NUMLOCK + SHIFT + 92 
NUMLOCK + Fn + 92 
NUMLOCK + Shift + Fn + 92 
23 

SHIFT + 23 

Fn +23 

SHIFT + Fn + 23 

NUMLOCK + 97 

NUMLOCK + SHIFT + 97 
NUMLOCK + Fn + 97 
NUMLOCK + SHIFT + Fn + 97 
24 

SHIFT + 24 

Fn +24 

SHIFT + Fn + 24 

NUMLOCK + 102 

NUMLOCK + SHIFT + 102 
NUMLOCK + Fn + 102 
NUMLOCK + SHIFT + Fn + 102 
25 

SHIFT + 25 

Fn + 25 
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Function 
Numeric 0 

) 

Numeric 0 

) 

* (Pad) 

* (Pad) 
Numeric Pad 4 
Cursor Left 
Lower Case u 
Upper Case U 
Lower Case u 
Upper Case U 
Cursor Left 
Numeric Pad 4 
Numeric Pad 5 
No Function 
Lower Case | 
Upper Case | 
Lower Case | 
Upper Case | 
No Function 
Numeric Pad 4 
Numeric Pad 6 
Cursor Right 
Lower Case o 
Upper Case O 
Lower Case o 
Upper Case O 
Cursor Right 


Make/Break 
Code 


OB/8B 

2A 0B/8B AA 
0B/8B 

2A 0B/8B AA 
37/B7 

2A 37/B7 AA 
4B/CB 

2A 4B/CB AA 
16/96 

2A 16/96 AA 
16/96 

2A 16/96 AA 
4B/CB 

2A 4B/CB AA 
4C/CC 

2A 4C/CC AA 
17/97 

2A 17/97 AA 
17/97 

2A 17/97 AA 
4C/CC 

2A 4C/CC AA 
4D/CD 

2A 4D/CD AA 
18/98 

2A 18/98 AA 
18/98 

2A 18/98 AA 
4D/CD 


Continued 








Key 
Combination 


SHIFT + Fn + 25 
NUMLOCK + 105 
NUMLOCK + SHIFT + 105 
NUMLOCK + Fn + 105 


NUMLOCK + SHIFT + Fn + 105 


26 

SHIFT + 26 

Fn + 26 

SHIFT + Fn + 26 
NUMLOCK + 93 
NUMLOCK + SHIFT + 93 
NUMLOCK + Fn + 93 
NUMLOCK + SHIFT = Fn + 93 
37 

SHIFT + 37 

Fn + 37 

SHIFT + Fn + 37 
NUMLOCK + 98 
NUMLOCK + SHIFT + 98 
NUMLOCK + Fn + 98 
NUMLOCK + SHIFT + Fn + 98 
38 

SHIFT + 38 

Fn + 38 

SHIFT + Fn + 38 
NUMLOCK + 103 
NUMLOCK + SHIFT + 103 
NUMLOCK + Fn + 103 


Function 


Numeric Pad 6 


— (Minus) 

— (Minus) 
Lower Case p 
Upper Case P 
Lower Case p 
Upper Case P 
— (Minus) 

— (Minus) 
Numeric Pad 1 
End 

Lower Case } 
Upper Case J 
Lower Case | 
Upper Case J 
End 

Numeric Pad 1 


Numeric Pad 2 


Cursor Down 
Lower Case k 
Upper Case K 
Lower Case k 
Upper Case K 
Cursor Down 


Numeric Pad 2 
Numeric Pad 3 


PgDn 
Lower Case 1 
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Make/Break 
Code 


2A 4D/CD AA 
4A/CA 

2A 4A/CA AA 
19/99 

2A 19/99 AA 
19/99 

2A 19/99 AA 
4A/CA 

2A 4A/CA AA 
4F/CF 

2A 4F/CF AA 
24/A4 

2A 24/A4 AA 
24/A4 

2A 24/A4 AA 
4F/CF 

2A 4F/CF AA 
50/D0 

2A 50/D0 AA 
25/A5 

2A/ 25/A5 AA 
25/A5 

2A 25/A5 AA 
50/D0 

2A 50/D0 AA 
51/D1 

2A 51/D1 AA 
26/A6 
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Key 
Combination 


NUMLOCK + SHIFT + Fn + 103 
39 

SHIFT + 39 

Fn + 39 

SHIFT + Fn + 39 

NUMLOCK + 106 

NUMLOCK + SHIFT + 106 
NUMLOCK + Fn + 106 
NUMLOCK + SHIFT + Fn + 106 
40 

SHIFT + 40 

Fn + 40 

SHIFT + Fn + 40 

NUMLOCK + 108 

NUMLOCK + SHIFT + 108 
NUMLOCK + Fn + 108 
NUMLOCK + SHIFT + Fn + 108 
43 

SHIFT + 43 

Fn + 43 

SHIFT + Fn + 43 

NUMLOCK + 99 

NUMLOCK + SHIFT + 99 
NUMLOCK + Fn + 99 
NUMLOCK + SHIFT + Fn + 99 
52 

SHIFT + 52 

Fn + 52 


COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


Function 
Upper Case L 
Lower Case | 
Upper Case L 
PgDn 
Numeric Pad 3 
Numeric Pad + 
Numeric Pad + 
‘ (Semicolon) 

; (Colon) 

‘ (Semicolon) 

: (Colon) 
Numeric Pad + 
Numeric Pad + 
Enter (Pad) 
Enter (Pad) 
Enter 

Enter 

Enter 

Enter 

Enter (Pad) 
Enter (Pad) 
Numeric Pad 0 
Insert 

Lower Case m 
Upper Case M 
Lower Case m 
Upper Case M 
Insert 
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Make/Break 
Code 


2A 26/A6 AA 
26/A6 

2A 26/A6 AA 
91/D1 

2A 51/D1 AA 
4E/CE 

2A 4E/CE AA 
27/A7 

2A 27/A7 AA 
27/A7 

2A 27/A7 AA 
4E/CE 

2A 4E/CE AA 
EO 1C/E0 9C 
2A EO 1C/E0 9C AA 
1C/9C 

2A 1C/9C AA 
1C/9C 

2A 1C/9C AA 
EO 1C/E0 9C 
2A E0 1C/9C AA 
92/D2 

2A 52/D2 AA 
32/B2 

2A 32/B2 AA 
32/B2 

2A 32/B2 AA 
52/D2 


Continued 
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Key Make/Break 
Combination Function Code 
SHIFT + Fn + 52 Numeric Pad 0 2A 52/D2 AA 
NUMLOCK + 104 Numeric Pad . 53/D3 
NUMLOCK + SHIFT + 104 Delete 2A 53/D3 AA 
NUMLOCK + Fn + 104 . (Period) 34/B4 
NUMLOCK + SHIFT + Fn + 104 > 2A 34/B4 AA 
54 . (Period) 34/B4 
SHIFT + 54 > 2A 34/B4 AA 
Fn + 54 Delete 53/D3 
SHIFT + Fn + 54 Numeric Pad . 2A 53/D3 AA 
NUMLOCK + 95 Numeric Pad/ EO 35/E0 BS 
NUMLOCK + SHIFT + 95 Numeric Pad/ EO AA E0 35/ 
EO B5 E0 2A 
NUMLOCK + Fn + 95 / (Slash) 35/B5 
NUMLOCK + SHIFT + Fn + 95 ? (Question) 2A 35/B5 AA 
55 / (Slash) 35/B5 
SHIFT + 55 ? (Question) 2A 35/B5 AA 
Fn + 55 Numeric Pad/ EO 35/E0 B5 
SHIFT + Fn + 55 Numeric Pad/ EO AA E0 35/ 
EO B5 E0 2A 





Eee ee enna Sa SSS SSS ES 
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11-Bit Normal Mode Scan Codes 























Key Make Break Key Make Break 
Number Code Code Number Code Code 

1 OE FO OE 29* 5D FO 5D 
2 16 FO 16 30 58 FO 58 

3 1E FO1E 31 1C FO1C 
4 26 FO 26 32 1B FO1B 
5 25 FO 25 33 23 FO 23 
6 2E FO 2E 34 2B FO 2B 
7 36 FO 36 35 34 FO 34 
8 3D FO 3D 36 33 FO 33 
g 3E FO 3E 37 3B FO 3B 
10 46 FO 46 38 42 FO 42 
11 45 FO 45 39 4B FO 4B 
12 4E FO 4E 40 4C FO 4C 
13 55 FO 55 41 52 FO 52 
14# 6A FO 6A 42%" 5D FO 5D 
15 66 FO 66 43 5A FO 5A 
16 OD FO OD 44 12 FO 12 
17 15 FO 15 45** 61 FO 61 

18 1D FO 1D 46 1A FO1A 
19 24 FO 24 47 22 FO 22 
20 2D FO 2D 48 21 FO 21 

21 2C FO 2C 49 2A FO 2A 
22 35 FO 35 50 32 FO 32 
23 3C FO 3C 51 31 FO 31 

24 43 FO 43 52 3A FO 3A 
25 44 FO 44 53 41 FO 41 

26 4D FO 4D 54 49 FO 49 
27 54 FO 54 55 4A FO 4A 
28 5B FO 5B 56# 51 FO 51 





Continued 
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Key Make Break Key Make Break 
Number Code Code Number Code Code 
o7 59 FO 59 104@ 71 FO 71 
08 14 FO 14 105@ 7B FO 7B 
09 No scan code generated 106@ 79 FO 79 
60 11 FO 11 107# 6D FO 6D 
61 29 FO 29 108@ EO 5A EO FO 5A 
62 EO 11 EO FO 11 109# 63 FO 63 
64 E014 EO FO 14 110 76 FO 76 
90 77 FO 77 112 O5 FO 05 
91@ 6C FO 6C 113 06 FO 06 
92@ 6B FO 6B 114 04 FO 04 
93@ 69 FO 69 115 OC FO OC 
94# 68 FO 68 116 03 FO 03 
96@ 75 FO 75 117 OB FO OB 
97@ 73 FO 73 118 83 FO 83 
98@ 72 FO 72 119 OA FO OA 
99@ 70 FO 70 120 01 FO O01 
100@ 7C FO 7C 121 O9 FO 09 
101@ 7D FO 7D 122 78 FO 78 
102@ 74 FO 74 123 07 FO 07 
103@ 7A FO 7A 125 7E FO 7E 
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@ = If key station 44 is held down, the FO 12 / 12 breakcode is sent with the other scan codes. 
When key station 57 is held down, the FO 59 / 59 make break code is transmitted. When 

both key stations are held down, both sets of make/break codes are transmitted with the key 
scan code. 
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For the 11-bit keyboard normal mode enhanced key stations (75, 76, 79 to 81, 83 to 86, and 89) 

are typematic. The typematic make code (that code which is sent multiple times) for these keys 

is the same make code as shown under the Base Case. The break code for typematic operation 

is shown in the following list. J 


Both key station locations for the enhanced key stations (75, 76, 79 to 81, 83 to 86, and 89) are 
active if the external keypad is installed. The embedded key station (95) is disabled if the 
external key pad is installed. 























Base Case, or Shift Case 
KEY Shift + NUMLOCK @ NUMLOCK On 
Number Make/Break Make/Break Make/Break 
75 EO 70 EO FO 12 EO 70/ EO 12 EO 70/ 

EO FO 70 EO FO 70 EO 12 EO FO 70 EO FO 12 
76 EO 71/ EO FO 12 EO 71/ EO 12 EO 71/ 

EO FO 71 EO FO 71 E0 12 EO FO 71 EO FO 12 
79 EO 6B/ EO FO 12 EO 6B/ EO 12 EO 6B/ 

EO FO 6B EO FO 6B EO 12 EO FO 6B EO FO 12 
80 EO 6C/ EO FO 12 EO 6C/ EO 12 EO 6C/ 

EO FO 6C EO FO 6C E0 12 EO FO 6C EO FO 12 
81 EO 69/ EO FO 12 E0 69/ EO 12 E0 69/ ww 

EO FO 69 EO FO 69 E0 12 EO FO 69 EO FO 12 
83 EO 75/ EO FO 12 EO 75/ EO 12 EO 75/ 

EQ FO 75 EO FO 75 E0 12 EO FO 75 EO FO 12 
84 EO 72/ EO FO 12 EO 72/ EO 12 EO 72/ 

EQ FO 72 EO FO 72 E012 EO FO 72 EO FO 12 
85 EO 7D/ EO FO 12 EO 7D/ EO 12 EO 7D/ 

EO FO 7D EO FO 7D E0 12 EO FO 7D 70 EO FO 12 
86 EO 7A/ EO FO 12 EO 7A/ EO 12 EO 7A/ 

EO FO 7A EO FO 7A EO 12 EO FO 7A EO FO 12 
89 EO 74/ EO FO 12 EO 74/ EO 12 EO 74/ 

EO FO 74 EO FO 74 E0 12 EO FO 74 EO FO 12 


<n 
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NUMLOCK On or NUMLOCK On + Shift or 
Key NUMLOCK Off + Fn NUMLOCK Off + Fn + Shift 
Number Make/Break Make/Break 
95 EO 4A/ EO FO 12 EO 4A/ 

EO FO 4A EO FO 4A EO 12 





The 11-bit enhanced key station #124 is typematic. The typematic make code for the Base 
Case, CTRL Case, and Shift Case is EO 7C. The typematic make code for the ALT Case is 84. 





CTRL Case, or 





Key Base Case Shift Case ALT Case 
Number Make/Break Make/Break Make/Break 
124 EO 12 EO 7C/ EO 7C/ 84/ 

EO FO 7C EO FO 12 EO FO 7C FO 84 





In the 11-bit keyboard normal mode, key station #126 is not typematic; all scan codes occur on 
the “make” of the key. 








Key 
Number Make Code CTRL Case 
126 E11477E1F0O14F077 EO 7E EO FO 7E 





In the 11-bit keyboard normal mode, there are two conditions that require the shift break code 
to be transmitted before the second key station make code is transmitted: 


m@ Enhanced key station in combination with either shift key and any third key station. 
m@ NUMLOCK enabled, enhanced key station pressed and any second key station pressed. 


When either of the above conditions is true, the system is in uppercase. To enable a lower case 
character to be sent, the keyboard must first reset the system to lower case by transmitting the 
break code for the “shift.” 
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If one of the following enhanced key stations is pressed and goes into typematic mode and any 

second key is pressed, the keyboard transmits the first half of the break scan code for the first 

key station (break scan code for the shift). The keyboard then transmits the second key station 

make scan code. Upon release of the first key station, the keyboard transmits the remaining J 
break scan code for the first depressed key station. Normal keyboard operations continue after 


the second key station make scan code is transmitted. 


Key 
Number 


75 
76 
79 
80 
81 
83 
84 
85 
86 
89 
95 


Left Shift 


EO 12 
EO 12 
EO 12 
EO 12 
EO 12 
EO 12 
EO 12 
EO 12 
EO 12 
EO 12 
EO 12 


Condition 1 
Right Shift 


EO 59 
EO 59 
EO 59 
EO 59 
EO 59 
EO 59 
EO 59 
EO 59 
EO 59 
EO 59 
EO 59 





Condition 2 
NUMLOCK On 


EO FO 12 
EO FO 12 
EO FO 12 
EO FO 12 
EO FO 12 
EO FO 12 
EO FO 12 
EO FO 12 
EO FO 12 
EO FO 12 ww 





124 


EO FO 12 





NOTE: Key station 124 transmits EO FO 12 under condition 2, independent of NUMLOCK On 
or NUMLOCK Off. 
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In the 11-bit normal keyboard mode, the inclusion of the function key (key station #59) and the 
embedded numeric keypad enables several key stations to emulate two different key station 
numbers if the external key pad is not installed. The key stations with duplicate key station 
numbers are shown in Figures 5-2 and 5-3, National/Internation] Key Stations. The make/break 
codes for these key stations are shown in the following lists. 





Key 
Number 


91 
96 
101 
100 
92 
97 
102 
105 
93 
98 
103 
106 
108 
99 
104 
95 


Key 
Number 


79/80 
83/85 
84/86 
89/81 


NUMLOCK On or 
Fn + NUMLOCK Off 
Make/Break 


6C/FO 6C 

75/FO 75 

7D/FO 7D 
7C/FO 7C 
6B/FO 6B 

73/FO 73 

74/FO 74 

7B/FO 7B 

69/FO 69 

72/F0O 72 

7A/FO 7A 

79/FO 79 

EO 5A/E0 FO 5A 
70/FO 70 

71/FO 71 

EO 4A/E0 FO 4A 


NUMLOCK Off 


Base Case 
Make/Break 


EO 6B/EO FO 6B 
EO 75/E0 FO 75 
EO 72/E0 FO 72 
EO 74/E0 FO 74 


NUMLOCK Off or 
Fn + NUMLOCK On 
Make/Break 


3D/FO 3D 
3E/FO 3E 
46/FO 46 
45/FO 45 
3C/FO 3C 
43/FO 43 
44/FO 44 
4D/FO 4D 
3B/FO 3B 
42/FO 42 
4B/FO 4B 
4C/FO 4C 
SA/FO 5A 
SA/FO 3A 
49/FO 49 
4A/FO 4A 


Fn + Cursor On 
Make/Break 


EO 6C/EO FO 6C 
EO 7D/EO FO 7D 
EO 7A/EO FO 7A 
EO 69/E0 FO 69 


—_—_—_—————X—X—sxXx,,RrRrywgplll_l_—— 


COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


_ 5-46 Keyboard 


NUMLOCK On 

Key Base Case Fn + Cursor 
Number Make/Break Make/Break 
79/80 EO 12 EO 6B/ EO 12 EO 6C/ 

EO FO 6B EO FO 12 EO FO 6C EO FO 12 
83/85 EO 12 EO 75/ EO 12 EO 7D/ 

EO FO 75 EO FO 12 EO FO 7D EO FO 12 
84/86 EO 12 EO 72/ EO 12 EO 7A/ 

EO FO 72 EO FO 12 EO FO 7A EO FO 12 
89/81 EO 12 EO 74/ EO 12 EO 69/ 

EO FO 74 EO FO 12 EO FO 69 EO FO 12 





The different key station combinations and the key scan codes which will be output to the 
system in the 11-bit normal keyboard mode are shown in the following list. This list 1s 
provided to help clarify the operation of the embedded keypad and function key list. 


NOTE: The key station code for the function key is 59. 


When the external numeric keypad is installed, the embedded numeric keypad is disabled. 
Therefore, only those entries marked with an asterisk (*) are active if the external keypad 
is installed. 


i 
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Key Make/Break 
Combination Function Code 
Cy Fn + 122 Fit 78/FO 78 
Fn +123 F12 07/FO 07 
NUMLOCK + 91 Numeric Pad 6C/FO 6C 
NUMLOCK + SHIFT + 91 Home 12 6C/FO 6C FO 12 
NUMLOCK + Fn + 91 Numeric 7 3D/FO 3D 
NUMLOCK + SHIFT + Fn + 91 & (Ampersand) 12 3D/FO 3D FO 12 
08 Numeric 7 3D/FO 3D 
SHIFT + 08 & (Ampersand) 12 3D/FO 3D FO 12 
Fn + 08 Home 6C/FO 6C 
SHIFT + Fn + 08 Numeric Pad 7 12 6C/FO 6C FO 12 
NUMLOCK + 96 Numeric Pad 8 75/FO 75 
NUMLOCK + SHIFT + 96 Cursor Up 12 75/FO 75 FO 12 
NUMLOCK + Fn + 96 Numeric 8 3E/FO 3E 
NUMLOCK + SHIFT + Fn + 96 * (Asterisk) 12 3E/FO 3E FO 12 
~— O09 Numeric 8 3E/FO 3E 
SHIFT + 09 * (Asterisk) 12 3E/FO 3E FO 12 
Fn + 09 Cursor Up 75/FO 75 
SHIFT + Fn + 09 Numeric Pad 8 12 75/FO 75 FO 12 
NUMLOCK + 101 Numeric Pad 9 7D/FO 7D 
NUMLOCK + SHIFT + 101 PgUp 12 7D/FO 7D FO 12 
NUMLOCK + Fn + 101 Numeric 9 46/FO 46 
NUMLOCK + SHIFT + Fn + 101 ( 12 46/FO 46 FO 12 
10 Numeric 9 46/FO 46 
SHIFT + 10 ( 12 46/FO 46 FO 12 
Fn +10 PgUp 7D/FO 7D 
SHIFT + Fn + 10 Numeric Pad 9 12 7D/FO 7D FO 12 
NUMLOCK + 100 * (Pad) 7C/FO 7C 
NUMLOCK + SHIFT + 100 * (Pad) 12 7C/FO 7C FO 12 





Continued 
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Key 
Combination 


NUMLOCK + Fn + 100 


NUMLOCK + SHIFT + Fn + 100 


Fn +11 

SHIFT + Fn + 11 
NUMLOCK + 92 
NUMLOCK + SHIFT + 92 
NUMLOCK + Fn + 92 
NUMLOCK + SHIFT + Fn + 92 
23 

SHIFT + 23 

Fn +23 

SHIFT + Fn + 23 
NUMLOCK + 97 
NUMLOCK + SHIFT + 97 
NUMLOCK + Fn + 97 
NUMLOCK + SHIFT + Fn + 97 
24 

SHIFT + 24 

Fn + 24 

SHIFT + Fn + 24 
NUMLOCK + 102 
NUMLOCK + SHIFT + 102 
NUMLOCK + Fn + 102 


NUMLOCK + SHIFT + Fn + 102 


25 
SHIFT + 25 
Fn +25 
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Function 
Numeric 0 


Numeric 0 

) 

* (Pad) 

* (Pad) 
Numeric Pad 4 
Cursor Left 
Lower Case u 
Upper Case U 
Lower Case u 
Upper Case U 
Cursor Left 
Numeric Pad 4 
Numeric Pad 5 
No Function 
Lower Case | 
Upper Case | 
Lower Case | 
Upper Case | 
No Function 
Numeric Pad 4 
Numeric Pad 6 
Cursor Right 
Lower Case 0 
Upper Case O 
Lower Case o 
Upper Case O 
Cursor Right 


Make/Break 
Code 


45/FO 45 
12 45/FO 45 FO 12 
45/FO 45 
12 45/FO 45 FO 12 
7C/FO 7C 
12 7C/FO 7C FO 12 
6B/FO 6B 
12 6B/FO 6B FO 12 
3C/FO 3C 
12 3C/FO 3C FO 12 
3C/FO 3C 
12 3C/FO 3C FO 12 
6B/FO 6B 
12 6B/FO 6B FO 12 
73/FO 73 
12 73/FO 73 FO 12 
43/FO 43 
12 43/FO 43 FO 12 
43/FO 43 
12 43/F0 43 FO 12 
73/FO 73 
12 73/FO 73 FO 12 
74/FO 74 
12 74/FO 74 FO 12 
44/FO 44 
12 44/FO 44 FO 12 
44/FO 44 
12 44/FO 44 FO 12 
74/FO 74 


Continued 
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Key Make/Break 
Combination Function Code 

SHIFT + Fn + 25 Numeric Pad 6 12 74/FO 74 FO 12 
NUMLOCK + 105 — (Minus) 7B/FO 7B 
NUMLOCK + SHIFT + 105 — (Minus) 12 7B/FO 7B FO 12 
NUMLOCK + Fn + 105 Lower Case p 4D/FO 4D 
NUMLOCK + SHIFT + Fn + 105 Upper Case P 12 4D/FO 4D FO 12 
26 Lower Case p 4D/FO 4D 

SHIFT + 26 Upper Case P 12 4D/FO 4D FO 12 
Fn + 26 — (Minus) 7B/FO 7B 

SHIFT + Fn + 26 — (Minus) 12 7B/FO 7B FO 12 
NUMLOCK + 93 Numeric Pad 1 69/FO 69 
NUMLOCK + SHIFT + 93 End 12 69/FO 69 FO 12 
NUMLOCK + Fn + 93 Lower Case j 3B/F0 3B 
NUMLOCK + SHIFT + Fn + 93 Upper Case J 12 3B/FO 3B FO 12 
37 Lower Case j 3B/FO 3B 

SHIFT + 37 Upper Case J 12 3B/FO 3B FO 12 
Fn + 37 End 69/F0 69 

SHIFT + Fn + 37 Numeric Pad 1 12 69/FO 69 FO 12 
NUMLOCK + 98 Numeric Pad 2 72/F0 72 
NUMLOCK + SHIFT + 98 Cursor Down 12 72/FO 72 FO 12 
NUMLOCK + Fn + 98 Lower Case k 42/FO 42 
NUMLOCK + SHIFT + Fn + 98 Upper Case K 12 42/FO 42 FO 12 
38 Lower Case k 42/FO 42 

SHIFT + 38 Upper Case K 12 42/FO 42 F0 12 
Fn + 38 Cursor Down 72/F0 72 

SHIFT + Fn + 38 Numeric Pad 2 12 72/FO 72 FO 12 
NUMLOCK + 103 Numeric Pad 3 7A/FO 7A 
NUMLOCK + SHIFT + 103 PgDn 12 7A/FO 7A FO 12 
NUMLOCK + Fn + 103 Lower Case | 4B/FO 4B 





Continued 
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Key Make/Break 
Combination Function Code 
NUMLOCK + SHIFT + Fn + 103 Upper Case L 12 4B/FO 4B FO 12 
39 Lower Case | 4B/FO 4B 
SHIFT + 39 Upper Case L 12 4B/FO 4B FO 12 
Fn +39 PgDn 7A/FO 7A 
SHIFT + Fn + 39 Numeric Pad 3 12 7A/FO 7A FO 12 
NUMLOCK + 106 Numeric Pad + 79/F0O 79 
NUMLOCK + SHIFT + 106 Numeric Pad + 12 79/FO 79 FO 12 
NUMLOCK + Fn + 106 - (Semicolon) 4C/FO 4C 
NUMLOCK + SHIFT + Fn + 106 : (Colon) 12 4C/FO 4C FO 12 
40 - (Semicolon) 4C/FO 4C 
SHIFT + 40 : (Colon) 12 4C/FO 4C FO 12 
Fn + 40 Numeric Pad + 79/FO 79 
SHIFT + Fn + 40 Numeric Pad + 12 79/FO 79 FO 12 
NUMLOCK + 108 Enter (Pad) + EO 5A/E0 FO 5A 
NUMLOCK + SHIFT + 108 Enter (Pad) 12 EO 5A/ 

EO FO 5A FO 12 
NUMLOCK + Fn + 108 Enter 5A/FO 5A 
NUMLOCK + SHIFT + Fn + 108 Enter 12 5A/FO 5A FO 12 
43 Enter 5A/FO 5A 
SHIFT + 43 Enter 12 5A/F0 5A FO 12 
Fn + 43 Enter (Pad) EO 5A/E0 FO 5A 
SHIFT + Fn + 43 Enter ( Pad) 12 E0 5A/ 

EO FO 5A FO 12 
NUMLOCK + 99 Numeric Pad 0 70/FO 70 
NUMLOCK + SHIFT + 99 Insert 12 70/FO 70 FO 12 
NUMLOCK + Fn + 99 Lower Case m 3A/FO 3A 
NUMLOCK + SHIFT + Fn + 99 Upper Case M 12 3A/FO 3A FO 12 
52 Lower Case m 3A/FO 3A 





Continued 
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Key Make/Break 

| Combination Function Code 

w SHIFT + 52 Upper Case M 12 3A/FO 3A FO 12 
Fn + 52 Insert 70/FO 70 
SHIFT + Fn + 52 Numeric Pad 0 12 70/FO 70 FO 12 
NUMLOCK + 104 Numeric Pad. 71/FO 71 
NUMLOCK + SHIFT + 104 Delete 12 71/FO 71 FO 12 
NUMLOCK + Fn + 104 . (Period) 49/FO 49 
NUMLOCK + SHIFT + Fn + 104 > 12 49/FO 49 FO 12 
54 . (Period) 49/FO 49 
SHIFT + 54 > 12 49/FO 49 FO 12 
Fn + 54 Delete 71/FO 71 
SHIFT + Fn + 54 Numeric Pad. 12 71/FO 71 FO 12 
NUMLOCK + 95 Numeric Pad/ EO 4A/EO FO 4A 
NUMLOCK + SHIFT + 95 Numeric Pad/ EO FO 12 E0 4A/ 

EO FO 4A FO 12 

— NUMLOCK + Fn + 95 / (Slash) 4A/FO 4A 
NUMLOCK + SHIFT + Fn + 95 ? (Question) 12 4A/FO 4A FO 12 
55 / (Slash) 4A/FO 4A 
SHIFT + 55 ? (Question) 12 4A/FO 4A FO 12 
Fn + 55 Numeric Pad/ EO 4A/E0 FO 4A 
SHIFT + Fn + 55 Numeric Pad/ EO FO 12 EO 4A/ 


EO FO 4A FO 12 
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11-Bit Select Mode Scan Codes 












































Key Make Break Default Key Make Break Default 

Number Code Code Key State Number Code Code Key State 

1 OE FO OE TYPEMATIC 29* 5C FO 5C " 

2 16 FO 16 ‘ 30 14 FO 14 MAKE/BREAK 

3 1E FO1E : 31 1C FO1C § TYPEMATIC 

4 26 FO 26 ” 32 1B FO 1B : 

5 25 FO 25 : 33 23 FO 23 ‘ 

6 2E FO 2E : 34 2B FO 2B ” 

7 36 FO 36 : 35 34 FO 34 ° 

8 3D FO 3D : 36 33 FO 33 TYPEMATIC 

9 3E FO 3E : 37 3B FO 3B . 

10 46 FO 46 ” 38 42 FO 42 ” 

11 45 FO 45 ” 39 4B FO 4B ° 

12 4E FO 4E . 40 4C FO 4C " 

13 oho) FO 55 . 41 52 FO 52 : 

14# 5D FO 5D ” 42** 53 FO 53 ” 

15 66 FO 66 ” 43 5A FO 5A : 

16 OD FO OD : 44 12 FO 12 MAKE/BREAK 

17 15 FO 15 : 45** 13 FO 13 TYPEMATIC 

18 1D FO 1D a 46 1A FO1A : 

19 24 FO 24 : 47 22 FO 22 : 

20 2D FO 2D ” 48 21 FO 21 : 

21 2C FO 2C ” 49 2A FO 2A ‘ 

22 35 FO 35 ? 50 32 FO 32 ‘ 

23 3C FO 3C ‘ 51 31 FO 31 . 

24 43 FO 43 . 52 3A FO 3A ” 

25 44 FO 44 ‘ 53 41 FO 41 : 

26 4D FO 4D . 54 49 FO 49 ” 

27 54 FO 54 ” 55 4A FO 4A i 

28 5B FO 5B : 56# 51 FO 51 TYPEMATIC 
Continued 
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Key Make BREAK Default Key Make BREAK Default 

Number Code CODE Key State Number Code CODE Key State 
w 57 59 FO59 MAKE/BREAK 100@  7E FO7E MAKE ONLY 

58 11 FO 11 ” 101@ 7D FO 7D ‘ 

59 No scan code sent to system 102@ 74 FO 74 i 

60* 19 FO 19 TYPEMATIC 103@ 7A FO 7A " 

61 29 FO 29 MAKE ONLY 104@ 71 FO 71 " 

62 39 FO 39 ” 105@ 84 FO 84 : 

64 58 FO 58 : 106@ 7C FO7C  TYPEMATIC 

75 67 FO 67 " 107# 7B FO 7B : 

76 64 FO 64 TYPEMATIC 108@ 79 FO 79 MAKE ONLY 

79 61 FO 61 : 109# 78 FO 78 

80 6E FO 6E MAKE ONLY 110 08 FO 08 i 

81 65 FO 65 . 112 07 FO 07 i 

83 63 FO 63 TYPEMATIC 113 OF FO OF : 

84 60 FO 60 ‘ 114 17 FO 17 . 
Gar 85 6F FO 6F MAKE ONLY 115 1F FO 1F ” 

86 6D FO 6D ” 116 27 FO 27 : 

89 6A FO 6A TYPEMATIC 117 2F FO 2F : 

90 76 FO 76 MAKE ONLY 118 37 FO 37 : 

91@ 6C FO 6C : 119 SF FO 3F ‘ 

92@ 6B FO 6B : 120 47 FO 47 ‘ 

93@ 69 FO 69 i 121 4F FO 4F " 

94# 68 FO 68 ” 122 56 FO 56 

95@ 77 FO 77 : 123 5E FO 5E " 

96@ 75 FO 75 ° 124 57 FO 57 : 

97@ 73 FO 73 : 125 5F FO 5F i 

98@ 72 FO 72 ” 126 62 FO 62 

99@ 70 FO 70 : 
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NUMLOCK On or NUMLOCK Off or 
Key Fn + NUMLOCK Off Fn + NUMLOCK On 
Number Make/Break Default Make/Break Default 
91 6C/FO 6C MAKE ONLY 3D/FO 3D TYPEMATIC 
96 75/FO 75 " 3E/FO 3E . 
1017 7D/FO 7D : 46/FO 46 : 
100 7E/FO 7E " 45/FO 45 " 
92 6B/FO 6B " 3C/FO 3C " 
97 73/FO 73 : 43/FO 43 " 
107 74/FO 74 " 44/F0 44 " 
105 84/FO 84 : 4D/FO 4D : 
93 69/FO 69 : 3B/FO 3B . 
98 72/FO 72 42/FO 42 " 
103 7A/FO 7A : 4B/FO 4B . 
106 7C/FO 7C TYPEMATIC 4C/FO 4C " 
108 79/FO 79 MAKE ONLY = 5A/FO 5A " 
99 70/FO 70 : 3A/FO 3A . 
104 71/FO 71 " 49/FO 49 : 
95 77/FO 77 ‘ 4A/FO 4A i 

Fn + (NUMLOCK On or Off) 

79 6E/FO 6E MAKE ONLY Cursor Key 
80 6F/FO 6F ” Cursor Key 
81 6D/FO 6D : Cursor Key 
89 65/FO 65 : Cursor Key 
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3.7 KEYBOARD POWER 
CONSERVATION FEATURES 


The keyboard scan controller provides several power conservation features that include: 
= Low Battery Detection 

m@ System LED Control 

@ Screen Save Feature 
= 


STANDBY Mode 


Low battery detection 


The keyboard scan controller provides low battery detection of the internal nickel-cadmium 
battery pack. Two measure points are provided. 


The first measure point is LOWBAT1. This output becomes active high when the internal 
battery pack drops below 4.75 VDC. Filtering is provided on this signal to prevent momentary 
voltage spikes (hard disk spinup) from switching this signal. 


The second measure point is LOWBAT2. This output becomes active high when the internal 
battery pack drops below 4.6 VDC. Filtering is provided on this signal to prevent momentary 
ty voltage spikes (hard disk spinup) from switching this signal. 


Under no circumstances will LOWBAT2 be active while LOWBATT1 Is inactive. Battery 
voltage detection remains active in STANDBY mode. 


System LED Control 


The keyboard scan controller provides control of the system LEDs. The two system LEDs 
are STANDBY and POWER. A signal is provided to the keyboard scan controller which 
will indicate normal mode or standby mode of operation. The function of these LEDs are 
shown in the following table. 
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Battery Voltage POWER STANDBY POWER STANDBY 
> 4.75 VDC On Off On On 
< 4.75 VDC and Flash Off Fiash On 
> 4.60 VDC 1 Hz Off 1Hz On 
< 4.60 VDC Flash Flash 
2 Hz 2 Hz 


Screen Save Feature 


The keyboard scan controller provides the screen save function found in Compaq personal 
computers. This function is different for the COMPAQ LTE and COMPAQ LTE/286 keyboard 
modes. 


The screen save period is the length of time (in minutes) between an activity and screen 
blanking. An activity consists of: keyboard keystroke, speaker activity, modem speaker activity, 
Or serial port activity. These signals are monitored by the keyboard scan controller. Keyboard 
scanning continues when the screen is blanked. 


When activity occurs, the keyboard scan controller resets the inactivity timer to the designated 
time. The inactivity timer is decremented. When the inactivity timer reaches 0, the screen is 
blanked. Any activity resets the timer and enables the screen. 


In the LTE, the inactivity period is 15 minutes and may not be changed. A signal is provided to 
the keyboard scan controller to enable or disable the screen save feature. A high level enables 
screen save and a low level will disable the screen save feature. 


In the LTE/286, a new command to the keyboard scan controller is provided to set the 
inactivity timer value. This new screen save command is BOh followed by the screen save 
time-out value. A screen save time-out value of 00h disables the screen save feature. The screen 
Save time-out value has the following format: 


Time Value in minutes 
O = Disabled 
1..63 = Selected Minutes 
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STANDBY Mode 


The keyboard scan controller provides a STANDBY mode to reduce power consumption. When 
the system sets the STANDBY mode, the following events occur before the keyboard is 
ty disabled: 


= The complete keyboard status is saved. (This consists of keyboard LED status.) 


@ Then all LEDs are extinguished, except the POWER LED. The STANDBY LED is 
turned on. 


m@ The keyboard scan controller must continue monitoring battery voltage and update the 
LOWBAT1 and LOWBAT?2 outputs to the system. 


When the system disables the STANDBY mode, the keyboard is returned to the same state it 
had before the STANDBY mode was implemented and continues normal operations. No 
extraneous keys are transmitted when the keyboard 1s reenabled. 


3.8 EXTERNAL NUMERIC KEYPAD 


The optional 24-key COMPAQ External Numeric Keypad duplicates the function of the 
embedded keypad. It is connected to the keyboard by a shielded two-conductor subminiature 
phone jack located behind the interface connector cover. The Scan Controller line allows the 

w keyboard to detect whether the External Numeric Keypad is connected, either at power-on or 
during operation. When the External Numeric Keypad is connected to the keyboard system, 
it is automatically enabled and the numeric function of the embedded keypad is disabled; the 
cursor-control cluster on the Laptop Enhanced Keyboard retains its function. The External 
Numeric Keypad is unaffected by the Fn key. 
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MASS STORAGE 


6.1 INTRODUCTION 


Chapter 6 covers the mass storage devices available for the COMPAQ LTE/286 and the 
LTE Personal Computers. This Chapter will describe: 


6.2 


@ Diskette Drives [6.2] 

@ Fixed Disk Drives [6.3] 

m@ Tape Drive [6.4] 

m External Storage Module [6.5] 
DISKETTE DRIVES 


The COMPAQ LTE/286 and the LTE series of personal computers each come with one 

3 1/2-inch diskette drive capable of storing 1.44 megabytes of data per diskette. An optional 

5 1/4-inch diskette drive storing 1.2 megabytes or 360 Kbytes of data per diskette can be added 
by means of the optional External Storage Module. This chapter contains the following 
information on diskette drives: 


Diskette Drive Controller 
Diskette Drive Functional Block Diagram 
Diskette Drive Control Signals 


Diskette Drive Specifications 
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Diskette Drive Controller Circuit 


The diskette drive controller circuitry can control two diskette drives or, one diskette and one 
40-megabyte tape drive. These I/O port addresses transmit data to and from a diskette drive, 
control drive functions, and read the current drive status. Table 6-1 lists the port addresses. 








Table 6-1. 
Port Address for the Diskette Drive Controller Circuits 
Port 
1 Read/Write Register Function 
SF1ih R Media ID 
SF2h W Drive Control 
SF 4h R Main Status 
3F5h R/W Data 
SF7h R/W Data Transfer Rate control 


Diskette Drive Status/Fixed Disk 
Drive Status 


Diskette Drive Controller 
The Diskette Drive Controller registers are described in the following paragraphs. 


Media ID (3F 1h, Read Only) 


The Media ID register can be used to identify a 3 1/2—inch diskette drive and the media 
installed in the drive. The format for this register 1s: 











LOW DENSITY- Media ID Bit 
Tea [ Reeves 
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To identify 3 1/2-inch diskette drives: 
1. Select drive, turn motor on using 3F2h. 
2. Set the data rate to 250 kilobytes per second (Kb/s) by writing 02h to 3F7h. 


3. Read bit < 7> at 3F1h low density—. If LOW DENSITY- 1s low, the drive (type) is a 
3 1/2-inch diskette drive. If LOW DENSITY- is high, the drive is indeterminate and the 
media ID bit cannot be used to determine the type of media installed. 


To identify media type: 


(If the drive is determined not to be a 3 1/2-inch diskette drive using the above procedure, the 
media type is indeterminate. If the drive is a 3 1/2-inch diskette drive, the following procedure 
can be used.) 


1. Select drive, turn motor on using 3F2h. 

2. Clear the DISKETTE CHANGE- signal if it is active. 
3. Set the data rate to 500 Kb/s by writing OOh to 3F7h. 
4 


Read bit < 7> at 3F1h. If the bit is low, 720-megabyte media 1s installed. If the bit is high, 
1.44-megabyte media 1s installed. 
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Drive Control (3F2h, Write Only) 


The Drive Control register controls the functions of interrupt and DMA enable, Drive Motor 
ON, Drive Select, and controller reset. The format for this register is: 


O = Diskette drive 2 motor Off 
1 = Diskette drive 2 motor ON 


O = Diskette drive 1 motor OFF 
1 = Diskette drive 1 motor ON 


O = Interrupts and DMA disabled 


1 = Interrupts and DMA enabled 


O = Reset drive controller 
1 = Reenable drive controller 


00 = Diskette drive 1 selected 
01 = Diskette drive 2 selected 
10 = Reserved 

11 = Tape drive selected 





Main Status (3F4h, Read Only) 


The Main Status register of the diskette drive controller IC is used as the Diskette Drive 
Status register. 


Data (3F5h) 


Commands and data are written to this port. Data and status bytes are read from this port. 
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Data Transfer Rate Control (3F7h, Write Only) 


This register contains the current data transfer rate in kilobits per second (Kb/s). The format for 
this register is: 





Diskette Drive and Fixed Disk Drive Status (3F7h, Read Only) 


This register provides both diskette drive 1 status information (bit < 7 >) and fixed disk drive 1 
status information (bits < 6..0 >). The format for this register is as follows: 


Reserved for fixed disk drive 
Reserved for fixed disk drive 


Reserved for fixed disk drive 
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Diskette Drive Controller 


The drive controller accepts commands from the system and controls most drive functions and 
the transfer of data to the drives. The drive controller operates in the ISA-compatible DMA 
mode for data transfers to and from the system. It issues a DMA request (DRQ72) signal and 
receives a DMA acknowledge (DACK2-) signal for each byte transferred. 


All drive controller commands have three operating phases: 


m™ The command phase, in which the drive controller receives the command from the system 


™ The execution phase, in which the drive controller carries out the command 


™ The results phase, in which the status and results are read back from the drive controller to 


the system 


Programmable Data Transfer Rate 
The system can transfer data at various rates depending on the peripheral device and the type of 


media being used. 


The Data Transfer Rate Control register (3F7h) describes the bits that specify the transfer rate. 
Table 6-2 lists the data transfer rates of various peripheral devices and medias. 


Data Transfer 
Rate (in Kb/s) 


900 
900 
900 
300 
250 
250 
290 
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Table 6-2. 
Programmable Data Transfer Rate 


When Using: 

1.2-MB diskette drive with 1.2-MB media 

40-MB tape drive with 40-MB media 

1.44-MB diskette drive with 1.44-MB media 

1.2-MB diskette drive with 360-KB media 

360-KB double-density diskette drive with 360-KB media 
40-MB tape drive data with 10-MB media 

1.44-MB diskette drive with 720-KB media 
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Diskette Drive Types 


The 3 1/2-inch 1.44-megabyte diskette drive is hard-wired; there are no jumpers or switches. 
This drive is the default drive A. If, however, an optional External Storage Module containing a 
5 1/4-inch diskette drive is installed, the Drive Selection switch on the Storage Module permits 
the user to designate the external drive as either drive A or as drive B, with the internal drive 
becoming either drive B or drive A. The system must be reset, either by the user turning it off 
and then on again or by pressing CTRL + ALT + DELETE, for this switch setting to be 
recognized. This feature permits booting from the external drive if it is installed. See the 
External Storage Module Installation Guide for further information. 


Figure 6-1 is a functional block diagram for a diskette drive. 


Diskette/Tape Controller Power Input 
Interface (To All Circuits) 


Motor Index Activity Control Read Circuits 
Control Sensor LED Logic 

Circuit Indicator 

Write Circuits 


Write-Protect 
Sensor 
Read/Write 
Head 












Drive 
Motor 


Figure 6-1. Diskette Drive Functional Block Diagram 
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1.2-Megabyte Diskette Drive 
The 1.2-megabyte diskette drive is a high-capacity diskette drive with the following features: 


@ 1/3-height, 5 1/4-inch diskette drive 


= Two transfer rates: 300 Kbytes per second (low density) or 500 Kbytes per second 
(high density) 


@ Data storage on 80 tracks (96 TPI) 


To read or write to 48-TPI media, the software must step the 96-TPI drive head twice between 
each 48-TPI track. Because the track width of the 96-TPI diskette drive is half the track width 
of the 48-TPI diskette drive, standard 48-TPI diskette drives may not be able to reliably read 
diskettes written by the 96-TPI drive in the 48-TPI format. 


360-Kbyte Diskette Drive 
The 360-Kbyte diskette drive has the following features: 


@ 1/3-height, 5 1/4-inch diskette drive 
m Single transfer rate of 250 Kbytes per second 
™ Double-sided, double-density (DSDD) on 40 tracks (48 TPI) 


1.44-Megabyte Diskette Drive 
The 1.44-megabyte diskette drive is a high-capacity diskette drive with the following features: 


@ 1-inch high, 3 1/2-inch diskette drive 


m@ Two transfer rates: 250 Kbytes per second (low density) or 500 Kbytes per second 
(high density) 


Data storage on 80 tracks (135 TPI) 
Write- and read-compatible with low density (720-Kbyte) 3 1/2-inch media 
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The internal diskette drive has only one connector. This connector supplies both Power and 
Control signals. Table 6-3 describes the diskette drive Control signals 





Table 6-3. 
Diskette Drive Control Signals 
Signal Pin /O Description 
LOW DENSITY— 17 | When using high-capacity drives, this signal selects 
High or Low mode (see note 1) 
MEDIA ID-— 19 O Indicates that a low-density diskette is in the drive or 


that the LOW DENSITY- signal is active (low). This 
signal is in the inactive state (logic high) when a 
high-density diskette is in the drive and the LOW 
DENSITY-— input signal is inactive orhigh (see note 3) 


DIREC TION— 22 | Selects the direction in which to move the head when a 
step pulse is issued 


DISKETTE CHANGE- 16 O Indicates to diskette drive controller that the drive door 
has been opened (and possibly different media 
installed) (see note 1) 























DRIVE 1 SELECT— 25 | Allows the selection of a diskette drive so that it can 

DRIVE 0 SELECT— 24 | respond to the interface signals 

INDEX— 20 O Indicates to the diskette drive controller that the media 
index hole is under the index sensor 

MOTOR 0 ON- 26 O Activates the drive motor 

MOTOR 1 ON- 23 | 

READ DATA- 12 O The data-stream read from the diskette containing 
CLOCK and DATA signals 

SIDE SELECT— 14 | selects side 0 (Head 0) or side 1 (Head 1) 

Oo TEP- 2 | Tells the diskette drive to step the heads one track 

TRACK 00-— 8 O Indicates to the diskette drive controller that the heads 
are at Track 0 

WRITE DATA— 4 | This stream of data is written to the diskette when 
WRITE GATE-— is enabled 

WRITE GATE-— 6 | Enables the diskette drive write circuits so data from 
the WRITE DATA-signal are written 

WRITE PROTECT-— 10 O Indicates to the diskette drive controller that the 


media is write-protected 
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Specifications 


Table 6-4 lists the physical and electrical specifications for the 1.2-megabyte, 360-Kbyte, and 
the 1.44-megabyte diskette drives. 


Table 6-4. 
Physical and Electrical Specifications for the 


1.2-Megabyte, 360-Kbyte, and 1.44-Megabyte Diskette Drives 


Drive Type 


Size: 
Width 
Height 
Depth 


Capacity: 
Unformatted 
Formatted 


Flux reversal 
density 


Data Transfer rate 
High/low density 


Sectors/track 
high/low density 


Bytes/sector 


Seek time: 
Track-to-track 
Average 
Settling time 


Rotational speed 


Motor start time 
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1.2-MB 5 1/4-In 
Diskette Drive 


2 


5.8 in (146 mm) 
1.0 in (25 mm) 
8.0 in (203 mm) 


1,600,000 bytes 
1,228,800 bytes 


9875 FRPI 
(Track 79) 


900/300 Kb/s 


15/9 
912 


3 ms 
80 ms 
15 ms 


360 RPM +1.0% 
500 ms 


360-KB 5 1/4-In 
Diskette Drive 


1 


5.8 in (146 mm) 
1.0 in (25 mm) 
8.0 in (203 mm) 


500,000 bytes 
368,640 bytes 


5876 FRPI 
(Track 39) 


250 Kb/s 


9 
912 


6 ms 
80 ms 
15 ms 


300 RPM +1.5% 
900 


1.44-MB 3 1/2-in 
Diskette Drive 


4 


4.0 in (101.6 mm) 
77 in (19.5 mm) 
5.3 in (130 mm) 


2,000,000 bytes 
1,474,560 bytes 


1734 FRPI 
(Track 79) 


500/250 Kb/s 


18/9 
912 


3 ms 
80 ms 
15 ms 


300 RPM +1.0% 
700 ms 
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6.3 FIXED DISK 


Introduction 


w The COMPAQ LTE series of personal computers can accommodate one fixed disk drive. The 
LTE/286 supports either a 20- or a 40- megabyte fixed disk drive. The LTE supports a 
20-megabyte fixed disk drive. This chapter contains the following information about the fixed 
disk drive subsystem: 


= A functional description of fixed disk drives 
Fixed disk drive types LTE 
m@ Fixed disk drive programming LTE/286 


Fixed disk drive programming LTE 


Drive specifications 


Functional Description 


Fixed disk drives used in the COMPAQ LITE series of personal computers are integrated; that 
is, the fixed disk drive and fixed disk drive controller are contained in one assembly. The 
— assembly includes the following components: 


m A sealed head-disk assembly (fixed disk drive) 

m A printed circuit board containing the drive electronics and the fixed disk drive controller 
@ A spindle motor 

@ A head-positioning mechanism 


Both of the fixed disk drives used in the COMPAQ LTE series of personal computers function 
similarly. Each system: 


™ Connects to a host adapter on the system board for signal buffering and I/O 
address decoding 


@ Has its drive control circuitry I/O-mapped into specific I/O addresses 
m@ The LTE/286 transfers data to and from the CPU in 16-bit I/O operations 
m The LTE transfers data to and from the CPU in 8-bit I/O operations 





All fixed disk drives supplied by Compaq automatically retract the heads and lock them in a 
non-data landing zone when power is turned off. 
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Figure 6-2 shows a functional block diagram of the fixed disk drive subsystem. 


Fixed Disk Drive Controller 











Motor 





Write 
Circuits 


Control Read 


Control 
Circuit Logic Circuits 








DATA 


& SERVO DATA 


Drive Head Read/Write 
Motor Actuator Head 





Figure 6-2. Fixed Disk Drive Subsystem Functional Block Diagram 


Power Conservation 


The fixed disk drive operates under internal (battery) or external (nonbattery) power. Under 
battery operation, a condition called Low Power is implemented to reduce power consumption. 
Low Power occurs after a user-selectable interval of fixed disk drive inactivity; the default 1s 
two minutes. The drive spins down and all circuitry cuts off except for the interface, resulting 
in a significant power reduction. Any subsequent read, write, or seek access returns the drive to 
normal operation; there is a 10-to-15 second delay to allow the motor to spin up again. The 
Time-out value is selectable through a CMOS configuration byte accessible through SETUP. If 
the system 1s switched from battery to external power, Power Conservation is disabled and the 
fixed disk drive will not go to Low Power. 
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Fixed Disk Drive Types 


The fixed disk drive parameters for the drives supported by the LTE/286 and LTE are included 
in Table 6-5. The values (such as number of heads and cylinders) for drive types other than 
those supported by Compaq are subject to change. A value in the Write Precompensation 
Cylinder column indicates the cylinder on which the Drive Write Precompensation begins. A 
value in the Landing Zone Cylinder column indicates the factory-set location where the drive 
parks the heads at power-down. 


Table 6-5. 
_LTE/286 Fixed Disk Drives Parameters 


Pre—comp __—_ Landing 


Drive Max Cylinder Zone Cylinder Sectors/ 

Type Cylinders Heads_ (note 1) (note 2) Track ECC Capacity 
2 615 4 -1 638 17 4 21.41 

53 548 4 -{ 548 38 7 42.6 

54 615 4 -1 615 17 7 21.41 


NOTES: 1. A value of -1 means that no write precompensation is used. 

2. These values do not apply to fixed disk drives supplied by Compaa. Fixed disk 
drives installed by Compaq automatically retract and lock the heads in a nondata 
landing zone at power-down. 

3. Drive types supported by Compaa. 


LTE Fixed Disk Drive Programming 


The drive supported by the LTE is programmed by, and returns status to the CPU. 
The registers and commands for the drive interface are defined in this section. 
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Registers 


The drive registers are mapped at four I/O addresses. Table 6-6 lists functions and addresses of 
the fixed disk drive controller. 


Table 6-6. 

LTE Fixed Disk Drive Controller |/O Addresses 
I/O Address R/W Register 
320h R.W Data 
321h R Status 
321h W Drive Reset 
322h R Configuration 
322h W Drive Select 
323h W Control 
Data (320h) 


The Data register is the port through which all data, commands, and status information are 
passed between the CPU and the drive. In addition, this is the port that is read or written to 
when DMA transfers are performed. All transfers are 8-bit I/O operations. 
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Status (321h) (Read Only) 


This register contains the fixed disk drive controller and fixed disk drive status. The contents of 
this register are updated at various times during command processing, to show the current 
phase of execution, and at the completion of each command. 





Not used. Set to zero by the drive 


INT — Interrupt Request Bit 
1 = Interrupt is pending. This bit is set even if interrupt requests to the 
CPU are disabled and the IRQ signal in the interface is in a high impedance state 
DMA — Request Bit 
1 = A DMA request is pending. This bit is set even if the DMA requests to 
the CPU are disabled and the DRQ signal in the interface is in a high 
impedance state 


BSY- Busy Bit 
1 = The drive is executing a command; the drive is unavailable to accept 
another command. This bit is set at power-on and remains set until the drive 
is up to speed and ready to accept a command 


CMD - Transfer Type Bit 
1 = Command or status information is being transferred 
O = Data is being transferred 


DTH — Transfer Direction bit 
1 = Data direction is to the CPU 
0 = Data direction is to the drive 


REQ — Data Request Handshake Bit 
1 = The drive is ready for transfer of a byte to or from the Data Port 


Drive Reset (321h) (Write Only) 


The drive is reset by any I/O write to this address, regardless of the data byte that 1s written to 
the register. A reset immediately sets the BSY bit in the Status Register and causes the drive to 
shutdown any operation in progress. When the drive has been re-initialized, the BSY bit is 
cleared and the drive is ready to receive a new command. No additional action is required from 
the CPU to remove the reset. 
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Configuration (322h) (Read Only) 


This register contains a two bit drive configuration code which corresponds to one of the three 
drive type tables located in the system’s BIOS ROM. 


Not used. Must be set to zero by the drive 





1..0 DRVOTYP — Drive Type code for drive zero. The drive returns a 00, indicating a 20 -MB 
drive is installed. 


Drive Select (322h) (Write Only) 


The drive is selected by any I/O write to this address, regardless of the data byte that is written 
to the register. The drive must be selected to begin the command sequence, and after selection, 
will request transfer of a Command Block from the CPU. 


Control (323h) (Write Only) 
This register contains two control bits as follows: 
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. Fy 
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Ce 
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IEN — Fixed Disk Interrupt Enable Bit. 
1 = Interrupts are enabled 
O = Interrupts are disabled; the IRQ line to the CPU is in a high 


impedance state. 
DEN — Drive DMA Enable bit 
1 = DMA access of the Data Port is enabled 
0 = DMA access is disabled; the DRQ line in the CPU is in a high-impedance state 
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Command Protocol 
The CPU issues commands to the drive with the following procedure. 


1. The CPU selects the drive by writing the Drive Select Port. 


2. When selected, the drive sets the BSY and REQ bits in the Status Register. Once 
selected,the drive remains busy until the command is finished and the Command 
Completion byte has been received by the CPU. 


3. When the REQ bit has been set, the CPU passes a six byte Command Block to the drive 
through the Data register, qualifying each byte transfer with the REQ bit. This Command 
Block contains the opcode and parameters necessary for command execution. 


4. The drive executes the command, interupts the CPU, and transfers the command 
completion byte. 


5. Any error during the commands execution is posted to the snse bytes, which are available 
to the CPU by command. 


The Command Block mentioned in step 3 consist of 6 bytes. The command block bytes are 
defined below: 


Command Block Byte 0 











conan Class 
4.0 | Opeode 


COMMAND CLASS and OPCODE are the command codes which specify the operation to be 
performed by the drive. The commands that are supported by the drive are listed in Table F-7. 
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Command Block Byte 1 


Ir | FU 





DRV is the drive number on which the command Is to be executed. 
HEAD is the head number on which the operation is to be performed. 


Command Block Byte 2 





a 
5.0 


CYLINDER MSB’s are the two most significant bits of the ten bit cylinder number on which 
the operation is to be performed. SECTOR is the sector number on which the operation is to be —J 
performed. 


Command Block Byte 3 





Cylinder Least-Significant Bit 





CYLINDER LSB are the 8 least-significant bits of the 10—bit cylinder number on which the 
operation 1s to be performed. 
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Command Block Byte 4 





SECTOR COUNT/INTERLEAVE is the number of sectors on which the operation is to be 
performed, or is the interleave factor for use on Format commands. A sector count of zero 
requests 256 sectors. During a format command, the drive accepts any interleave value between 
zero and the number of sectors per track minus one. The interleave value tells the drive where 
the next logical sector is located in relation to the current sector. For example, an interleave 
value of one specifies that the next logical sector is physically the next sector on the track. An 
interleave of two specifies that the next logical sector is two sectors ahead of the current sector, 
so there is one sector between any two consecutive logical sectors, and so on. The number of 
physical sectors between any two adjacent logical sectors is the interleave value minus one. An 
interleave of zero is the same as an interleave of one. 


Command Block Byte 5 
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ECREN-— 


DKREN- is the disk error retry enable bit, which enables retries on errors other than ECC 
errors. O=Disk retries enabled 
1=Disk retries disabled 


ECREN- is the ECC error retry enable bit, which enables retries on ECC errors. 
O=ECC retries enabled 
1=ECC retries disabled 
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Error Handling 


When any error is encountered, the drive examines the retry enable bits in the Command Block 
to determine the retry method to use. Retries are attempted only if the appropriate control bit 
is asserted. 


If an ECC error is detected during a read and the ECC retry enable bit, ECREN-, 1s inactive, 
the drive will not retry the operation, but will attempt correction and report the results 
immediately. If ECC retries are enabled, the drive will retry the operation up to 256 times, 
including the use of track or strobe offsets, trying to complete the read. If these retries fail, the 
drive will then attempt correction and report the results to the CPU. 


If any error, other than an ECC error is detected and the disk retry enable bit, DKREN-, 1s 
inactive, the drive will not retry the operation, but will report the results immediately. If general 
disk retries are enabled, the drive will retry the operation up to 256 times, including the use of 
track or strobe offsets, trying to complete the command. If the error persists after retries are 
exhausted, the drive aborts the command and reports the error to the CPU. 


Command Completion Byte 


After transfer of the Command Block, the command is executed by the drive, and any required 
data transfers are performed. When the command is complete, as signaled by an interrupt, the 
drive will transfer a Command Completion byte to the CPU, and deactivate the BSY bit. If an 
error occurred during command execution, the error bit, ERR, in the Command Completion 
byte will be set. If the command completed normally, the ERR bit will be reset. The bit 
definitions of the Command Completion byte are as follows: 





Reserved | 
Drive — The drive number to which the completion byte belongs 


ERR — The error bit which indicates that an error occurred during execution 
Determining type of error is done by issuing a sense status command immediately 
following the failed command. 

1=Error occured 

O=No error 
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Command Information 
The drive uses the following commands: 

















ty 
Table 6-7. 
Commands 
Command Command Class/Opcode Parameters (Note 1) 
Used Name/ BIT: 76543210 DR HD CY SN SCI/I 
Test Drive Ready 0000000 0 v dodeodéeéed 
Recalibrate 0000000 1 v dododée#ed 
Request Sense Status 0000001 1 v deodode#éd 
Format Drive 00000100 vv ov odioii 
Verify 0000010 1 vv voVv se 
Format Track 0000011 0 vv ov dst 
Format Bad Track 0000011 1 vv ov dit 
Read 00001000 vv ovov ose 
Integrated Drive Unique 
— commands (Note 2) 00001001 vv ev oevflUd 
Write 0000101 0 vv ov did 
seek 0000101 1 v dodo dée#éd 
Initialize Drive Parameters 00001100 v deodeode#éd 


NOTE 1: The parameters listed indicate which command block bytes must contain valid information for 
each command 


NOTE 2: See integrated drive unique command description (page 6-29) 


LEGEND: DR_ Drive bit in command block byte 1 
HD Head bits in command block byte 1 
CY Cylinder bits in command block bytes 2&3 
SN Sector number bits in command block bytes 2 
SC/I Sector count/Interleave bits in command block byte 4 
V specified parameter must be valid 
d don’t care 
dv don't care within the range of valid parameters for the drive, as specified 
in the most recent Initialize Drive Parameters command 
Sector Count/Interleave field should contain a valid interleave factor 
S Sector Count/Interleave field should contain a valid sector count 








Continued 
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Table 6-7. Continued 


Command Command Class/Opcode Parameters (Note 1) 
Used Name BIT: 76543210 DR HD CY SN SC/I 
Read ECC Burst 

Error Length 00001101 v dododéeéed 
Read Buffer 00001110 dd ododeq ed 
Write Buffer 00001111 d d ddd 
Set Power Mode (Note 2) 00011010 

sector Level Format 00011011 dj 
Execute Buffer Diagnostic 11100000 

Execute Drive diagnostic 1110001 1 V 


Execute Controller 


Diagnostic 111001 d ddd qd 
Read Long 1110010 1 Vvevoeovosove se 
Write Long 111001410 vVevoeveove ose 


NOTE 1: The parameters listed indicate which command block bytes must contain valid information for 
each command 


NOTE 2: See set power mode command description (page 6-38) 


LEGEND: DR Drive bit in command block byte 1 
HD Head bits in command block byte 1 
CY Cylinder bits in command block bytes 2&3 
SN Sector number bits in command block bytes 2 
oC/l Sector count/Interleave bits in command block byte 4 
V specified parameter must be valid 
d don't care 
dv don't care within the range of valid parameters for the drive, as specified 
in the most recent Initialize Drive Parameters command 
| Sector Count/Interleave field should contain a valid interleave factor 
S Sector Count/Interleave field should contain a valid sector count 
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Command Descriptions 


Test Drive Ready 


a This command checks the drive status, including the drive ready, seek complete, and write fault 
indications, and reports it to the CPU. If the drive status is not correct, the ERR bit in the 
Command Completion byte is set and an error code is returned in the Sense bytes. If the drive 
Status is correct and the drive is ready to receive and execute a command, the ERR bit is reset 
when the operation 1s completed. 


Recalibrate 


This command moves the read/write heads to cylinder zero, head zero. On receipt of the 
command, the drive begins a seek-to-cylinder-zero operation. The drive then waits for the seek 
operation to complete before updating status and generating an interrupt. If the drive encounters 
any error in attempting to recalibrate the drive, the ERR bit in the Command Completion byte 
is set and a track zero error is posted in the Sense bytes. 


Request Sense Status 


This command returns four bytes to the CPU which contain the status of the last operation 

Caer which was performed by the drive. The format for the Sense bytes is shown below. When 
executing the Integrated Drive Unique Command, some Configuration Subcommands return 
different values in byte 1 than those shown below. Refer to the Integrated Drive Unique 
Commands subsection for definitions of these bytes. 


Sense Byte 0 





DAV 1s the disk address valid bit which indicates that the last operation required a disk address 
and that the Sense bytes contain a valid disk address. If this bit is reset, the CYL MSB, 
CYLINDER LSB, HEAD, and SECTOR fields in the Sense bytes do not contain valid 
information. The commands that are supported by the drive are listed in Table F-7. 
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Sense Byte 1 


1. 


5 | ORV 





DRV is the drive number on which the command was executed. 


Sense Byte 2 








oe MSB 





CYLINDER MSB’s are the two most significant bits of the ten bit cylinder number on which 
the operation is to be performed. SECTOR 1s the sector number on which the operation is to be 
performed. 


Sense Byte 3 





CYLINDER LSB are the 8 least-significant bits of the 10-bit cylinder number on which the 
operation is to be performed. 
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Error 
Code 


OOh 
O1h 


O2h 


O3h 


04h 


O6h 


O8h 


10h 


11h 


12h 


14h 


15h 


18h 
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Table 6-8. 
Error Code Descriptions 


Description 
No error. The previous operation completed successfully. 


No Index Signal from the drive. This error is reported after any data transfer or format 
command if a normal drive select occurs; the drive is ready, but no index signal is detected 
within the drive’s time-out period. 


No Seek Complete Signal from the drive. This error is reported if a seek operation is unable 
to complete and the drive cannot settle on the desired track. This error is returned on a 
subsequent command since the seek does not complete until after the Command Completion 
byte has already been reported to the CPU. 


Write Fault error. Write fault errors are reported if the drive is unable to write a sector because 
of hardware failures during an attempted write, such as an off track condition or no write 
current detected in the head. 


Drive Not Ready. This error is reported if the drive is not ready to perform an operation after 
being selected. 


Track Zero Not Found. This error is reported if track zero cannot be found after attempting to 
position the heads to cylinder zero, head zero during a recalibrate command. 


Drive Still Seeking. This status is returned in response to a command that is issued while a 
seek operation from a previous command is in progress. 


ID Not Found. When searching for a sector, the ID address mark was detected, but the target 
ID could not be found or could not be read without error. 


Uncorrectable Data Error. The drive detected a data error that could not be corrected 
using ECC. 


Data Address Mark Not Found. The drive could not detect a data address mark within the 
allowed amount of time following successful ID detection. 


sector Not Found. The target sector was not located within two revolutions of the disk. 
This error is reported when the ID address mark cannot be found and the ID search cannot 
be initiated. 


seek Error. After a seek operation, a sector ID read from the ending track did not match the 
requested head and cylinder in the Command Block. 


Corrected Data. The drive detected a data error that was corrected using ECC. Valid data 
was transferred to the CPU. 


Continued 
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Table 6-8. Continued 


Error 
Code Description 

















19h Track Flagged Bad. The last data transfer command encountered a track that was marked bad. 

20h Invalid Command. The drive has received an invalid command from the CPU. 

21h legal Disk Address. A command was received by the drive with a disk address that is outside of 
the parameters passed to the drive in the last Initialize Drive Parameters command. 

30h Sector Buffer Error. The drive detected an error during the sector buffer diagnostic test. 

31h Controller ROM Checksum Error. A checksum error was detected during the Controller 
Diagnostic command. 

32h ECC Polynomial Error. During the Controller Diagnostic command, the ECC generation circuitry 


failed its test. 





Format Drive Command 


This command Recalibrates the drive, seeks to the requested starting track, and formats all 

tracks from this starting point to the end of the drive. The logical sector layout is specified by 

the interleave parameter in the Command Block. The data fields are filled with the data pattern 

that is in the sector buffer at the time the command is issued. If any error occurs while 

formatting the drive, the format operation stops at the track where the error occurred and the wJ 
error is reported in the Sense bytes. A format drive error may be followed by a format bad 

track operation on the flawed track, followed by another format drive command beginning at 

the next track. The format operation always starts at the first sector on the track. Formatting a 

track clears bad track flags that have been written by the Format Bad Track command. 


Verify Command 
This command is identical to the Read Command, except that no data is transferred to the CPU. 
A multiple sector verify command will terminate when any error is encountered. 


Format Track Command 

This command recalibrates the drive, seeks to and then formats the requested track. The logical 
sector layout is specified by the interleave parameter in the Command Block. The data fields 
are filled with the data pattern that is in the sector buffer at the time the command is issued. If 
any error occurs while formatting a track, the format operation stops and the error is posted to 
the Sense bytes. The format operation always starts at the first sector on the track. Formatting a 
track will clear bad track flags that have been written by the Format Bad Track Command. 
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Format Bad Track Command 


This command is identical to the Format Track command except the bad track flag is set in the 
ID field of each sector that is formatted. 


Read Command 


This command reads from 1 to 256 sectors, as specified in the Command Block, beginning at 
the specified sector. If the drive is not already on the desired track, an implied seek is 
performed. Once at the desired track, the drive begins searching for the appropriate ID field. 


If retries are disabled and two index pulses have occurred without error-free reading of the 
requested ID, the command is aborted and an ID Not Found error is posted in the Sense bytes. 


If retries are enabled, additional attempts, up to the retry count limit, are made trying to read 
the requested ID before reporting an error. These retries will include strobe and track offsets if 
the drive supports these options. 


If the ID is read correctly, the data address mark must be recognized before the nominal 
starting point of the next sector or else the Data Address Mark Not Found error is reported. 


Once the data address mark is found, the data field is read into the sector buffer and an ECC 
check is performed. If no ECC error is detected, the DMA, REQ, and DTH bits are set in the 
Status Register, and an interrupt is generated. 


Once DMA transfers have been enabled, the drive also generates DMA requests on the DRQ 
line in the interface. 


Sector transfers continue in this manner, with an interrupt signaling the beginning of each new 
sector. Upon command completion, the Sense bytes contain the cylinder, head, and sector 
number of the last sector read. 
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If any error occurs during a multiple sector read, the read terminates at the sector where the 
error occurs. The CPU may then request the Sense bytes to determine which error has occurred 
and on which sector. To continue the operation, the CPU may calculate the difference between 
the number of sectors requested and the number of sectors completed and issue another Read 
Command to access the remaining sectors. 





When a corrected data error occurs, the corrected data is returned to the CPU to indicate that 
the number of remaining sectors are one sector less than when continuing after other types 
of errors. 


Integrated Drive Unique Commands 
This command allows execution of the drive identification command and several configuration 
subcommands that apply specifically to integrated disk drives. These operations require three 
byte signatures in the Command Block to obtain access to them. If any of the signature bytes is 
not as specified below, the command is aborted and an Invalid Command error will be posted 
to the Sense bytes. 


The first three Command Block bytes must contain the following signature: 


byte 0 = 09h 
byte 1 = 59h wv 
byte 2 = 9Ah 


Byte 3 of the Command Block contains the subcommand opcode and bytes 4 and 5 are “don’t 
cares.” The subcommand opcodes are listed below: 
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Opcode Function 

00 Get drive feature byte 

01 Set drive feature byte 

02 Read drive switches 

03 Enable look-ahead reads 

04 Disable look-ahead reads 

05 Enable special retries 

06 Enable use of SPINUP- interface pin 
07 Disable use of SPINUP- interface pin 
08 Disable Set Power Mode command 
09 Enable Set Power Mode command 


Each of the subcommand opcodes are described in detail in the following paragraphs. 


Get Drive Feature Byte 


This subcommand returns 4 bytes of information with the drive feature byte in the second byte 
(byte 1). The feature byte has the following definition: 


RSV — Reserved 


STD — Standby Mode bit. When set, to a 1, this bit indicates that the drive powers up 
in the standby mode. 


RSV — Reserved 





PWR — Set Power Mode bit. When set, to a 1, this bit indicates that the drive 
supports the Set Power Mode command. 


Set Drive Feature Byte 


This subcommand allows programming of the drive feature byte. The new feature byte should 
be loaded into byte 4 of the Command Block. After programming, the feature byte is stored in 
nonvolatile memory and is returned to the CPU when asked for by the Read Drive Feature 
Byte subcommand. The feature byte has the definition given in the Get Drive Feature 

Byte description. 
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Read Drive Switches 


This subcommand returns 4 bytes of information. The current setting of the drive switches is 
contained in byte one. The bit definitions are as follows: 
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SLP — Slave Present jumper setting 


1 = The jumper is missing (slave not present) 

O = The jumper is installed (slave is present) 
D/C — Drive D/C: Select Jumper setting 
1 = The jumper is missing (drive D: selected) 
O = The jumper is installed (drive C: selected) 
8B — 8/16 Bit Mode Select Jumper setting, or the state of the 8BMODE- pin in the 
drive interface 
1 = The jumper is missing or the pin in inactive (16-bit mode selected) 
O = The jumper is installed or the pin is active (8-bit mode selected) 














2 


Enable Look—Ahead Reads 


This subcommand enables the look-ahead read feature of the drive following a normal 
read operation. 


Disable Look—Ahead Reads 


This subcommand disables the look-ahead read feature of the drive following a normal 
read operation. 


Enable Special Retries 

If the Command Block byte 4 is one when this subcommand is issued, the DKREN- bit is 
overridden for normal read or write Command Blocks. This allows header retries when no 
retries would otherwise be expected. If the Command Block byte 4 is equal to zero when this 
subcommand is issued, these special retries are disabled. 


Enable Use of SPINUP- Interface Pin 


This subcommand enables use of the SPINUP- pin in the drive interface. When activated, this 
pin causes the drive to leave the STANDBY mode, SPINUP and disable the automatic 
countdown timer. When this pin is active, the drive will ignore commands to power-down. 
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Disable Use of SPINUP- Interface Pin 


This subcommand disables use of the SPINUP- pin 34 in the drive interface. When activated 
wv this pin causes the drive to leave the STANDBY mode, SPINUP and disable the automatic 
countdown timer. When this pin is active the drive will ignore commands to power-down. 


Disable Set Power Mode Command 

This command causes the drive to ignore any power mode changes requested in Set Power 

Mode commands. Set Power Mode commands which only inquire about the current power 

status will still be honored. When this command its issued, the drive will retain the time-out 
interval in effect at that time, if any, for use when power mode transitions are reenabled. 


Enable Set Power Mode Command 


This command enables the drive to respond to the Set Power Mode command after previously 
being disabled. The drive reinstates any time-out interval that was set prior to being disabled. 


Identify 
The first three Command Block bytes must contain the following signature: 
» byte 0 = 09h 
byte 1 = A3h 
byte 2 = CSh 


Bytes 3, 4, and 5 of the Command Block are ignored. 


The Identify command allows the CPU to receive parameter information from the drive. When 
the command is issued, the drive builds the parameter list in the sector buffer, sets bits 4, 1, and 
O in the Status Register, and generates an interrupt. The CPU may then read the information out 
of the sector buffer. If DMA transfers have been enabled, the drive will also generate DMA 
requests on the DRQ line in the interface. 


The parameters are defined as word length entities, which are read out of the drive one byte at 
a time, least significant byte first. 


The parameter words in the buffer are arranged as follows. 
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Word Contents 
0 General drive configuration bits: ~a 
BIT FUNCTION 
<15> O = Magnetic disk drive, 
1 = Nonmagnetic disk drive 
<14> 1 = Format speed tolerance gap required 
<13> 1 = Track offset option implemented 
<12> 1 = Data strobe offset option implemented 
<11> 1 = Rotational speed tolerance is greater than 5% 
<10> 1 = Transfer rate greater than 10Mb/s 
<9> 1 = Transfer rate greater than 5Mb/s but less than or equal to 10 Mb/s 
<8> 1 = Transfer rate less than or equal to 5 Mb/s 
<7> 1 = Removable cartridge drive 
<6> 1 = Fixed drive 
<5> 1 = Spindle motor control option implemented 
“ae 1 = Head switch time greater than 15 us 
<3> 1 = Not MFM encoded 
<2> 1 = Soft sectored 
<1> 1 = Hard sectored 
<0> Reserved 
1 Number of fixed cylinders 
p) Reserved 
23 Number of heads 
4 Number of unformatted bytes per physical track 
5 Number of unformatted bytes per sector 
6 Number of physical sectors per track 
7 Number of bytes in the intersector gaps 
8 Number of bytes in the sync fields 
9 Number of words of vendor unique status 
10..19 Serial number (20 ASCII characters, Oh = not specified) 





Continued 
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Continued 
Word Contents 
20 Controller type: 
0001 Single-ported single sector buffer 
0002 Dual-ported multiple sector buffer 
0003 Dual-ported multiple sector buffer with lookahead read 
OOO4—FFFF Reserved 
21 Controller buffer size in 512-byte increments (Oh = Not specified) 
22 Number of ECC bytes passed on Read/Write long commands 
(Oh = Not specified) 
23..26 Controller firmware revision (8 ASCII characters, Oh = Not specified) 
27..46 Model number (40 ASCII characters, Oh = Not specified) 
47 Number of sectors that can be transferred per interrupt on read and write 
multiple commands (0 = read/write multiple commands not implemented) 
48 Doubleword I/O capability 
0 = Cannot perform doubleword |/O 
1 = Can perform doubleword |/O 
49 Intelligent relocation capability 
0 = Cannot perform intelligent relocation when a defect is encountered 
1 = Can perform intelligent relocation by use of the Format command 
2 = Reserved 
3 = Can perform intelligent relocation by use of the Write ID command 
50 Interface modes supported 


BIT FUNCTION 


<15..3> Reserved 
<2> 1 = 8-bit mode supported 
<1> 1 = 16-bit mode supported 
<Q> 1 = Multiple modes supported 
O = Only a single mode is supported 


Continued 
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Continued 

Word Contents 

51..127 Reserved 

128 Native number of cylinders 

129 BIT FUNCTION 
<15..8> Native number of heads per cylinder 
<7..0> Native number of sectors per track 

130 Current logical number of cylinders 

131 BIT FUNCTION 
<15..8> Current logical number of heads per cylinder 
<7..0> Current logical number of sectors per track 

132-255 Reserved 





Write Command 


This command writes from 1 to 256 sectors, as specified in the Command Block, beginning at 
the specified sector. When the command has been received and checked for validity, the DTH 
bit is reset, and the DMA and REQ bits are set in the Status Register, and an interrupt is 
generated to request transfer of a block of data to the sector buffer. 





If DMA transfers have been enabled, the drive will also generate DMA requests on the DRQ 
line in the interface. 


If the drive is not already on the desired track, an implied seek is performed. Once at the 
desired track, the drive begins searching for the appropriate ID field. 
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If retries are disabled and two index pulses have occurred without error-free reading of the 
requested ID, an ID Not Found error will be posted in the Sense bytes. 


r If retries are enabled, additional attempts, up to the retry count limit, are made trying to read 
the requested ID before reporting an error. These retries include strobe and track offsets if the 
attached drive supports these options. 


If the ID is read correctly, the data in the sector buffer is written to the disk, followed by the 
ECC bytes. Sector transfers continue in this manner, with an interrupt signaling a request for 
each new block of data. 


Upon command completion, the Sense bytes contain the cylinder, head, and sector number of 
the last sector written. 


If an error occurs during a multiple sector write, the write terminates at the sector where the 
error occurs. The Sense bytes contain the cylinder, head, and sector number of the sector where 
the error occurred. 


Seek Command 


This command initiates a seek to the track and selects the head specified in the Command 
Block. The drive must be formatted for a seek to execute properly, or else a seek error will be 

oy posted to the Sense bytes. Seeks are performed at the drive’s optimum seek rate. When the 
command Is issued, the drive checks for any condition that would prevent the seek operation 
from executing properly. If no such condition exists, the drive initiates the seek, generates an 
interrupt, and returns the command completion byte with the ERR bit reset. The drive does not 
wait for the seek to complete before returning the interrupt. If a condition 1s present that 
prevents the seek from being performed, the drive aborts the command and returns the 
appropriate error code. 


If a new command Is issued to a drive while a seek is being executed, the new command is 
rejected and a Drive Still Seeking error is posted. 


Initialize Drive Parameters Command 


This command establishes the values for several parameters which the drive needs for 
operation. After the CPU sends the Command Block, the drive will then request an eight-byte 
block of data that contains the drive parameters listed below. Drive 0 and drive 1 may be 
initialized with different parameters. 
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The parameters for the maximum number of heads and cylinders on the drive are used for 
validity checks on all subsequent commands. If a command is received which requests access to 
a sector out of the range of these values, the command is rejected and an invalid command 
error iS reported. 


On COMPAQ LTE integrated drives, the starting cylinders for reduced write current and write 
precompensation are ignored by the drive. These two parameters are fixed within the integrated 
drive at the optimum values for that drive. 


The burst error correction span specifies the maximum error burst length that the drive attempts 
to correct. 


Byte 0 









Dee oof we 2 We .. 1. 2 OF a OO ee ie See ir Se oe ieee or ie or oe re ee er eer er eee or rere are 
vee ee BR oe eee. BB ae eh oe hr OOD OW OB Bc ce ee ee ee ee ee ee oe eo ee ee eo ee we ee ee we ee ee ee 
vee ee QB wa ee ee . im BR CO eC. WSN ce eee cee we ee ee oe eee 8 ee ee 8 ee et te ee ee ee 
vee ees BP ee... ee Be Ne ee eee ee ee ee oe ee te Oe ee eee ee oe ee ee ee 8 ee 
see eee Ge eee se... Mi. . Gh Be Bt NR GR (ga Tl TR TR Be Be OR wae ee ee ae ow wo ot 8 oe ee ee ee ee we ee wt ee ee ee we 
eee ee a oe Bw ee ee. RR. ae Ge UR Ny a Ue OU cn ee ee ew ew et ew te 8 8 eet eee ee ee te ee ee eee ew 
ee Ne We eo ew oo 8 ee oo 8 8 8 te 8 ee ee Oe oe te ke he ee se ee 8 ee oe eee 
CS 


Number of Cylinders LSB 





tartin 
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Byte 4 


7..0 





Byte 5 





Byte 6 





Byte 7 





Read ECC Burst Error Length Command 


This command is only valid following a corrected data error. It transfers one byte to the CPU 
indicating the number of bits which were corrected. 


Read Buffer Command 
The read buffer command allows the CPU to read the current contents of the drive’s sector 
buffer. When this command is issued, the drive sets the DMA, DTH, and REQ bits in the 


Status Register, then generates an interrupt. The CPU may then read 512 bytes of data from 
the buffer. 


If DMA transfers have been enabled, the drive also generates DMA requests on the DRQ line 
in the interface. 
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Write Buffer 

The write buffer command allows the CPU to overwrite the contents of the drive’s sector buffer 
with any data pattern desired. This command may be used to fill the buffer and specify the data 
pattern prior to a format operation. 


When this command is issued, the drive will set the DMA and REQ bits, and reset the DTH bit 
in the Status Register, then generate an interrupt. The CPU may then write 512 bytes of data to 
the buffer. 





If DMA transfers have been enabled, the drive will also generate DMA requests on the DRQ 
line in the interface. 


Set Power Mode Command 


The set power mode command enables and disables the low power standby and the sleep modes 
of the drive, during which the spindle motor is stopped and other power reduction steps have 
been taken. 


This command is also used to return the current power status of the drive. When this 
command is used to enter sleep mode, the drive immediately makes the transition from idle to 
Sleep mode. 


When using this command to enter standby mode, the spindle motor is stopped either ad 
immediately following command execution or upon expiration of the time-out interval, 
depending on the command parameters below. 


The time-out interval is the length of the period of disk inactivity required before the drive 
enters standby mode. Use of this command to change the current power mode is enabled or 
disabled by two of the Integrated Drive Unique commands. See the descriptions for the Disable 
Set Power Mode command and the Enable Set Power Mode command. 


When setting the power mode, Command Block byte 3 contains the number of 5-second 
increments in the time-out interval and byte 4 contains three bits that select the power-down 
mode. The bits in byte 4 are as follows: 
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SLE — Sle 
When the Sleep bit is set, the drive will spin down and put the microprocessor to 
sleep. Bringing the drive out of the sleep mode requires a CPU reset. when the 

Sleep bit is set, the Timer and Start bits are ignored. 














TIM — Timer bit. This bit controls the timed power down of the drive. When the Timer 
bit is set, and the Start bit is reset, the time-out mode is specified. When the 
command is issued with the Timer bit set and a nonzero value in Command Block 
byte 3, the value is multiplied by 5 seconds to obtain the time-out interval, and 
automatic transition to standby mode is performed when that interval passes without 
receiving a disk command. If byte 3 is zero and the Timer bit is set, automatic 
time-out is disabled. 


STR — Start bit. This bit controls immediate entry into or exit from standby mode. 

When the Start bit is set and the Timer bit is reset, the drive is immediately powered 
up and readied for a command. When the Start bit and Timer bits are both reset, the 
drive is immediately powered down and enters the standby mode. 
















If both the Timer and Start bits are set, the current power mode is unaffected but is reported to 
the CPU with a 5-byte response through the DATA register as follows: 





Bytes Definition 

Byte 0 Command opcode 

Byte 1 FF if drive is in idle, 00 if drive is in standby, BB if Set Power 
mode commands are disabled 

Byte 2 Reserved 

Byte 3 Time-out interval divided by 5 seconds 

Byte 4 Command completion byte 
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Automatic time-out operation and the time-out interval are not changed from their previous 
settings when a Set Power Mode command is issued with the timer bit inactive. If the drive is 
already in the mode that is specified by a received Set Power Mode command, no action 

is taken. 





If no drive commands are received from the CPU within the time-out interval, the drive will 
automatically stop the spindle motor, enter standby mode, and await further commands from 
the CPU. Each command received from the CPU prior to time-out interval expiration will 
restart the time-out interval at the programmed value. 


The time-out interval may have a tolerance of plus or minus 5 seconds from the programmed 
value and the drive may have minimum and maximum allowable values for the time-out 
interval, which will be defined for a particular drive. If a command is received which specifies 
a time-out interval less than the drive’s minimum interval or greater than the drive’s maximum 
interval, the drive will set the time-out interval to its minimum or maximum, respectively. 


Any commands received from the CPU while the drive is in standby mode are accepted and 
executed as they would be in normal operation, except that the spindle motor is started, if 
required, to execute a disk command. Disk commands issued while the drive is in standby 
mode restart the time-out interval at the value programmed by the most recent Set Power Mode 
command, if automatic time-out is enabled. 


Upon receipt of a set power mode command, the drive initiates the transition to the requested ww 
power mode and generates an interrupt, without waiting for the drive to spin up or down. At 

power up, the drive will start the spindle motor, be fully powered, and in the normal mode of 

operation. Entering standby mode or selection of automatic power down operation requires 

execution of a Set Power Mode command with the proper parameters. A software reset does 

not change the power mode of the drive. A hardware reset has the same effect as a power up. 


Sector Level Format Command 


This command performs a sector level format on the track specified in the Command Block. 
Each sector on the track may be formatted good, marked bad, replaced with an alternate, or 
recovered after having been previously replaced with an alternate. 


When the command has been received and checked for validity, the DTH bit is reset, and the 
DMA and REQ bits are set in the Status Register, and an interrupt is generated to request 
transfer of the interleave table to the sector buffer. 


If DMA transfers have been enabled, the drive will also generate DMA requests on the DRQ 
line in the interface. 
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If the drive is not already on the desired track, an implied seek is performed. Once at the 
desired track, the ID and data fields are written using the interleave table in the sector buffer. 


Formatting begins by writing the first physical sector after index with the logical sector number 
in the first entry of the interleave table. Subsequent physical sectors are formatted in turn from 
the table. The order of the table entries corresponds to the interleave of the track. At the 
completion of the track, the drive generates an interrupt. 


The interleave table is made up of two bytes per sector on the track. The first byte is 00 if the 
sector is to be formatted normally, 80h if the sector is to be marked bad, 40h if an alternate is 
to be assigned, or 20h if an alternate should be replaced by the original sector. 


The second byte is the logical sector number of the sector. After writing the interleave table, 
additional bytes should be loaded into the buffer until it is full (512 bytes). 


The contents of a typical interleave table are shown below, for a 34-sector track with an 
interleave of 1, sector 3 marked bad, and an alternate assigned for sector 8. 





NOTE: “dd” is a “don’t care” byte used to make up a total of 512 bytes. 


Any sector marked bad by the Sector Level Format command causes the Track Flagged Bad 
error when read. An Invalid Command error is returned if the interleave table has fewer entries 
than the track has sectors, or if more than one entry is found for a particular logical sector. 


Execute Buffer Diagnostic Command 


This command performs a data pattern test on the drive’s sector buffer. The diagnostic shall 
only be executed upon receipt of this command, not automatically at power up or after a reset. 
If any error is detected, the Sector Buffer Error is posted in the Sense bytes. 
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Execute Drive Diagnostic Command 


This command performs a test on the drive electronics and, to the extent possible, the HDA. 
The diagnostic is only to be executed upon receipt of this command, not automatically at power 
up or after a reset. This test includes basic seek and read tests but does not perform writes to 
any CPU- accessible data sector. Writes may be performed on sectors that are reserved for 
diagnostic purposes. Any errors encountered will return the Drive Not Ready or other 
appropriate error code in the Sense bytes. 





Execute Controller Diagnostic Command 


This command performs the internal diagnostic tests of the controller electronics. The 
diagnostic shall only be executed upon receipt of this command, not automatically at power up 
or after a reset. The checks include the sector buffer, ECC generation circuitry, and ROM 
checksum diagnostics, as well as other tests. Any errors encountered will return the Sector 
Buffer Error, ECC Polynomial Error, Controller ROM Checksum Error, or other appropriate 
error code in the Sense bytes. 


Read Long Command 

The Read Long command will return both the data and ECC bytes contained in the data field of 

the desired sector. This command operates the same as the Read command except that the drive = 
appends the 4 ECC bytes to the data transfer, making it 516 bytes long. On Read Long 

commands, the drive does not check the ECC bytes to determine if there has been any type of 

data error. 


Write Long Command 

The Write Long command writes both the data and ECC bytes directly from the sector buffer 
to the data field of the desired sector. The drive does not generate the ECC bytes itself. This 
command operates the same as the Write command except that the CPU supplies the 4 ECC 
bytes, making the data transfer 516 bytes long. 
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LTE/286 Fixed Disk Drive Programming 


The following paragraphs present information common to both fixed disk drive systems 
supported by the COMPAQ LTE/286. 





w 
Registers 
Table 6-9. 
LTE/286 Fixed Disk Drive Controller I/O Addresses 
l/O Address 
1 2 R/W Register 
1FOh 170h R/W Data 
1FOh 171h R Error 
1Fih 171h W Write Precompensation cylinder 
1F2h 172h R/W Sector Count 
1F3h 173h R/W Sector Count 
1F4h 174h R/W Cylinder Low 
1F5h 175h R/W Cylinder High 
1F6h 176h R/W Drive Select/Head 
1F7h 177h R Status 
1F7h 177h W Command 
3F6h 376h R Alternate Status 
SF6h 376h W Control 
SF7h 377h R Drive Address (see note) 
SF7h 377h W Not used for fixed disk 


NOTE: Only bits < 6..0 > are resident on the fixed disk drive controller. Bit < 7 > of this 
I/O address is resident on the system board and is part of the diskette drive controller. 


Data (1F 0h) 


All data to the fixed disk drive controller must pass through the Data register. The Data register 
is also the port to which the sector table is transferred during format commands. All transfers 
are high-speed 16-bit I/O operations except for Error Correction Code (ECC) bytes transferred 


during Read/Write Long commands. 
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Error (1Flh) (Read Only) 


The Error register contains error status from the last command executed by the fixed disk drive 
controller. The contents of this register are valid: 





m@ When the error bit is set in the Status register 
m= When the fixed disk drive controller has completed execution of its internal diagnostics 


The contents of the Error register are interpreted as a diagnostic status byte after the execution 
of a diagnostic command or when the system is initialized. The format of the Error register 
byte is shown below. 





1 = The data address mark has not been ind after finding t the correct ID field 
1 = Track 0 has not been found during a recalibrate command 


1 = The requested command has been aborted because the fixed disk drive status is 
invalid or because the command code is invalid 
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Write Precompensation Cylinder (1F lh) (Write Only) 


The Write Precompensation Cylinder register defines the cylinder on which Write 
Precompensation begins. Precompensation time-shifts write data bits to help negate an opposite 
a shift induced by the magnetic recording process. 


The controller multiplies the value in the register by four, giving the bits of this register greater 
than usual value, or “weight” (see diagram). 








Starting 
Bits Cylinder 
00000001 4 
00000010 8 
00000100 16 
00001000 32 
00010000 64 
00100000 128 
01000000 256 
10000000 512 
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Sector Count (1F2h) 


The Sector Count register defines either the number of sectors of data to be read or written or 

the number of sectors per track for format commands. If the value in this register is zero, a 

count of 256 sectors is specified. The sector count is decremented as each sector is accessed. ed 
The Sector Count register contains the number of sectors left to access when an error occurs in 

a multisector operation. During the Initialize Drive Parameters command, the Sector Count 

register contains the number of sectors per track. 





Sector Number (1F3h) 
The Sector Number register contains the starting sector number for any fixed disk drive access. 





At the completion of each sector and at the end of the command, this register is updated to 
reflect the last sector correctly read/written or the sector on which an error occurred. 
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Cylinder Low and Cylinder High (1F4h and 1F5h) 


The Cylinder Low and Cylinder High registers contain the starting cylinder number for any 

—_ fixed disk drive access. The Cylinder Low register is for the least-significant eight bits of the 
11-bit cylinder number. The three most-significant bits of the cylinder number, bits < 10..8 > 
should be loaded into the Cylinder High register. Bit < 2 > of the Cylinder High register is the 
most-significant bit of the 11-bit cylinder address. At the completion of a command, these 
registers are updated to reflect the current cylinder number. 


Cylinder Low register: 










ee ae ee a ee ee ww we wt et ee 8 ee Oe 8 te ee ek ee oe ee ek ee ee eee ee ke ke he ee ee ee ee ee ee ee et ee ee ee ee ee ee ee we et ee ew we eh 
Per re Oe ae ee ee a ee ee Se Oe ee Oe OO 2 er 
Pe ee ee ee ee oe a ee Oe ae re Oe ee Oe Oe Oe Oe Oe Oe Oe Oe Oe Oe Oe Oe Oe ee Oe Oe Or er er ee Oe OO re se Oe Oe Oe Oe Oe 2 
ee ee ee ee ee ee ee ww ot ee 8 ee ee ee ee ee ee ee eee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee we ew ee 
Pr eee eee Oe Oe Oe Oe Oe Oe Oe Oe ee Oe ee ee Oe re re ce rr re Pr ee 


Reserved 
| 2.0 — Most-significant three bits of 11-bit cylinder number 
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Drive Select/Head (1F 6h) 
This register contains the parameters defined below: 





Drive Select 
O = Drive 1 
1 = Drive 2 

Head Select Number 
0000=0O 1000=8 


0001=1 1001=9 
0010=2 1010=10 
0011=3 1011=11 
0100=4 1100=12 
0111=5 1101=13 
0110=6 1110=14 
0111=7 1111=15 





NOTE: Setting bit < 4 > (Drive Select 2) to “1,” when no Drive 2 is present, may cause the 
remaining Controller registers not to respond until Drive 1 is selected again. 





Zw 
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Status (1F7h) (Read Only) 

This register contains the fixed disk drive controller and fixed disk drive status. The contents of 
= this register are updated at the completion of each command. If the busy bit is set, no other bits 

are valid. Reading this register clears the hardware interrupt line, IRQ14. 





1 = Controller is busy executing a command. Other fixed disk drive controller register 
contents are not valid until this bit is reset (= 0). 


1 = Drive READY- signal is active (see note) 
1 = Drive WRITE FAULT- signal is active (see note) 
1 = Drive SEEK COMPLETE- signal is active (see note) 


1 = Data request - the controller is ready for a byte- or word-length data transfer. 
Verify the state of this bit before a data transfer. 


1 = Acorrectable data error has occurred and has been corrected. This condition 
does not terminate a multisector read operation. 


1 = Drive INDEX-— signal is active 
1 = Error has been detected. Examine the Error register. 





NOTE: When an error exists, the state of the signals does not change until the error is read 
by the system. 
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Command (1F7h) (Write Only) 


The 8-bit code written to this register gives the drive the command that the CPU is requesting. 
Command execution begins immediately after this register is written. A list of executable 
commands with the command codes and necessary parameters for each command follows in 





wi 











Table 6-10. 

Table 6-10. 

Commands 
Command Command Code Parameters (Note 1) 
Used Name BIT; 7654321 0 PC SC SN CY DH 
Initialize Drive Parameters 10010001 N Y N N Y 
seek O11%1X X X X N N N Y ¥Y 
Recalibrate 0001X XXX N N N N- OD 
Read Sector(s) 001000LR N Y Y YY ¥ 
Write Sector(s) 001%100L R Y Y Y Y ¥ 
Read Verify Sector(s) 0100000 R N Y Y YY 
Format Track 01010000 Y Y N Y Y aa 
Execute Drive Diagnostics 10010000 N N N N_- OD 
Identify Drive 1110314100 N N N NOD 
Read Sector Buffer 11100100 N N N ND 
Write Sector Buffer 1110314000 N N N N- OD 


NOTE 1: The parameters listed indicate which drive registers must contain valid info 
command 


=> 


or each 


LEGEND: PC Write Precompensation register 

SC Sector Count register 

SN Sector Number register 

CY Cylinder registers 

DH Drive/Head register 

L Long bit; if 1, read/write long commands are executed if 0, normal read/write 

commands are executed 

R Retry bit; If 0, retries are enabled, If 1, retries are disabled 

Y _ Indicates the register contains a valid parameter; for the Drive/Head register, Y means 
both the drive and head parameters are used 
Indicates the register does not contain a valid parameter for command 
Indicates drive parameter is valid 


Don’t care 
ee 





XO Z 
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Alternate Status (3F6h) (Read Only) 


The contents of this register are similar to those of the Status register, except in the timing 
and latch control of the specified signals. Reading this register does not clear any 
hardware conditions. 





1 = READY- signal is active 
1 = WRITE FAULT- signal is active 


| 4 =| 1=SEEKCOMPLETE- signal is active 
* 1 = Data request - the controller is ready for a byte- or word-length data transfer. Verify the 


state of this before a data transfer. 


1 = Acorrectable data error has occurred and has been corrected. This condition does not 
terminate a multisector read operation. 


1 1 = INDEX- signal is active 


1 = Error has been detected — examine the Error register and other register bits to 
determine source 


Drive Control (3F6h) (Write Only) 


The Drive Control register; defines several functions of the fixed disk drive controller. 


O = Reenables 


1 = Resets controller 


O = Enables interrupts 
1 = Disables interrupts 


Reserved 
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Drive Address (3F7h) (Read Only) 


This register loops back the drive select and head select addresses of the most recently selected 
fixed disk drive. The bits in this port are as follows: 










Reserved 
O = Drive WRITE GATE- signal is active 


Head Select 
0000 = 15 1000 = 7 
0001 = 14 1001 =6 
0010 = 13 1010 =5 
0011 = 12 1011 =4 
0100 = 11 1100 =3 
0101 = 10 1101 =2 
0110 =9 1110 = 1 
0111 =8 1111 =0 


O = Drive 1 Selected 
O = Drive 0 Selected 
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LTE Fixed Disk Drive Commands 


A command is issued to the controller by loading the pertinent registers with the needed 

we parameters, enabling the fixed disk drive control interrupt, and then writing the command code 
to the Command register. Command execution begins when a command is written to the 
Command register (1F7h). 


Table 6-11 lists the fixed disk drive controller commands. 









































Table 6-11. 
Fixed Disk Drive Controller Commands 

Command Value 

Initialize Drive Parameters 91h 

seek 7xh 

Recalibrate 1xh 

Read Sectors with retries 20h (without retries 21h) 

Read Long with retries 22h (without retries 23h) 
~~ Write Sectors with retries 30h (without retries 31h) 

Write Long with retries 32h (without retries 33h) 

Verify Sectors with retries 40h (without retries 41h) 

Format Track 90h 

Execute Controller Diagnostic 90h 

Enter Low Power 94h (note) 

Enter Idle 95h (note) 

Enter Low Power and Enable/Disable time-out 96h (note) 

Enter Idle and Enable/Disable time-out 97h (note) 

Check Status 98h (note) 

Identify ECH 

Read Buffer E4h 

Write Buffer E8h 


NOTE: Applicable only to the COMPAQ LTE series of Personal Computers. 
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Initialize Drive Parameters (91h) 


The Initialize Drive Parameters command enables the CPU to configure the controller to work 
with fixed disk drives that have different capacities and characteristics. 





The Drive Select/Head register must contain the maximum head number, and the Sector Count 
register must contain the number of sectors per track prior to executing this command. 


The parameters loaded into the registers prior to issuance of the command define the drive 
configuration for the specified fixed disk drive. 


Seek (7xh) 


The Seek command initiates a Seek to the track and selects the head specified. The fixed disk 
drive need not be formatted for a seek to execute properly. The controller supports buffered 
step seeks, allowing overlapped seeks on the drives. 


After initiating a Seek on one fixed disk drive, another command can be issued to the other 
drive. If a new command is received for a fixed disk drive with an outstanding Seek, then the 
controller waits, with the Busy bit in the Status register active, for the Seek to complete before 
executing the new command. 


There is no time-out condition in the controller while waiting for buffered-step seeks —J 
to complete. 


Recalibrate (1xh) 


The Recalibrate command moves the Read/Write heads to cylinder 0, head O (track QO). If the 
fixed disk drive is unable to reach cylinder 0, the command is aborted with the error bit set in 
the Status register and the track O bit set in the Error register. 


Read Sectors (20h or 21h) 


The Read Sectors command reads from 1 to 256 sectors as specified in the Sector Count 
register, beginning at the specified sector. If the fixed disk drive is not already on the requested 
track, an implied seek is performed to position heads on the target track. 


After reaching the specified track, the controller begins searching for the appropriate ID field. 
If retries are disabled (21h), a maximum of two revolutions are taken and, if retries are enabled 
(20h), 16 revolutions are taken before reporting an ID Not Found error. If the ID is read 
correctly, the data address mark must be recognized within a fixed number of bytes, or the Data 
Address Mark Not Found error will be reported. 
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After the data address mark is found, the data field is read and the sector read is finished with 
either no error, a correctable data error, or a noncorrectable data error, depending on whether or 

—_ not the ECC bytes are correct for the preceding data field. Refer to the Drive Type Table for 
the number of ECC bytes for a specific drive type. 


If an error occurs during a multisector read, the read terminates at the sector where the error 
occurs. The system may then read the registers and determine what error has occurred and on 
which sector. If the error was a noncorrectable data error, the flawed data are still returned to 
the system. 


Read Long (22h or 23h) 


A Read Long command returns the data field and the ECC bytes contained in the data field of 
the desired sector. If retries are enabled (22h), a maximum of 16 revolutions are taken before 
the ID Not Found error is reported. 


If retries are not enabled (23h), only two revolutions are taken before the ID Not Found error 
is reported. 


During a Read Long operation, the controller does not check the ECC bytes to determine 

if there has been any type of data error. The data bytes are read out of the sector buffer at 
w the completion of the command, which is signaled by an interrupt. All data transfers are 

high-speed 16-bit operations, and all ECC byte transfers on Read Long commands are slower 

8-bit operations. 


Write Sectors (30h or 31h) 


The Write Sectors command writes from 1 to 256 sectors of data, as specified in the Sector 
Count register, beginning at the specified sector. If the fixed disk drive is not already on the 
requested track, an implied seek is performed. 


Once at the desired track, the controller begins searching for the appropriate ID field. If retries 
are disabled (31h), a maximum of two revolutions are taken and, if retries are enabled (30h), 
16 revolutions are taken before reporting an ID Not Found error. If the ID is read correctly, 
the data loaded in the sector buffer are written to the data field of the sector, along with the 
appropriate number of ECC bytes. If an error occurs during a multiple sector write, the write 
terminates at the sector where the error occurs. The system may then read the registers, 
determine what error has occurred, and on which sector. 








COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


_ 6-56 Mass Storage 


Write Long (32h or 33h) 


The Write Long command writes the data field and the ECC bytes directly from the sector 
buffer; the controller does not generate the ECC bytes. All data transfers are high-speed 16-bit 
operations and all ECC byte transfers on Write Long commands are slower 8-bit operations. 
Refer to the drive type table in this section of the manual for the number of ECC bytes for a 
specific drive type. 





If retries are enabled (32h), a maximum of 16 revolutions are taken before the ID Not Found 
error is reported. If retries are not enabled (33h), only two revolutions are taken before the 
ID Not Found error is reported. 


Verify Sectors (40h or 41h) 


This command is identical to the Read Sectors command, except that no data are transferred 
back to the system and no Read Long operations are permitted. The read procedure described 
in the Read command is followed and any errors encountered are reported to the system. 


This command executes retries the same as the Read command does, whether enabled (40h), 
or disabled (41h). 


Format Track (50h) ad 


This command formats the track specified by the head and cylinder parameters in the cylinder 
high and cylinder low registers. Once the command is issued, a Sector table is output to the 
Data register, and additional bytes should be loaded into the buffer until it is full (512 bytes). If 
the fixed disk drive is not already on the specified track, an implied Seek is performed. After 
reaching the specified track, the ID and data fields are written using the sector table in the 
sector buffer. 


The sector table contains two bytes per sector on the track. The first byte 1s OOh if the sector 1s 
to be formatted normally, or 80h if the sector is to be marked bad. The second byte 1s the 
logical sector number of the sector. 


As soon as the fixed disk drive controller senses the index pulse from the fixed disk drive, 
formatting begins by writing the first physical sector with the logical sector number in the first 
entry of the sector table. 


Subsequent physical sectors are formatted in turn from the sector table. The order of the sector 
table entries will correspond to the interleave factor of the track. Media defects may be marked 
bad on a Sector level, allowing the remainder of the track to be used. 





COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


= Technical Reference Guide 6-57 


To format a fixed disk drive with more than eight heads, recalibrate (INT 13h, AH = 11h) 
head OQ, then format heads 0 through 7. Next, recalibrate head 8 and format heads 8 through 15. 


_— Figure 6-3 shows the contents of a typical sector table for a 17-sector track with an interleave 
factor of 2 and sector 3 marked bad. 





dd ddidd ddidd ddidd ddidd ddi dd ddidd ddidd dd 


Note: "dd" is a "don't care" byte used to make 
up a total of 512 bytes. 





Figure 6-3. Typical Sector Table 


Execute Diagnostic (90h) 


This command performs the internal diagnostic tests implemented by the controller. The results 
of the test are reported to the Error register immediately after execution of the command. The 
value in the Error register should be viewed as a unique 8-bit code and not as the single-bit 
flags previously defined. 
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Table 6-12. 
Error Codes 





Error Code Description 

O1h No error detected 

O2h Formatter device error 

O3h sector buffer error 

04h ECC circuitry error 

O5h Controller microprocessor error 


Enter Low Power (94h) 
The Enter Low Power command immediately puts the fixed disk drive into Low Power without 
waiting for the Fixed Disk Drive Inactivity time-out. 


Enter Idle (95h) 
The Enter Idle command immediately puts the fixed disk drive into Idle from Low Power. At 
this point the fixed disk drive spins up to speed and is ready to be accessed. 





Enter Low Power and Enable/Disable Time-Out (96h) 

The Enter Low Power and Enable/Disable time-out command immediately puts the fixed disk 
drive into Low Power without waiting for the Fixed Disk Drive Inactivity time-out. It disables 
the time-out if the Sector Count register value = O or enables the time-out if the Sector Count 
register value = other than 0. The length of the Fixed Disk Drive Inactivity time-out is the 
Sector Count register value times 5 seconds. The programmable range is from 12 (60 seconds, 
or 1 minute) to 220 (1100 seconds, or 18.33 minutes). 


Enter Idle and Enable/Disable Time-Out (97h) 

The Enter Idle and Enable/Disable time-out command immediately puts the fixed disk drive 
into Idle from Low Power. It disables the time-out if the Sector Count register value = O or 
enables the time-out if the Sector Count register value = other than 0. The length of the 
Fixed Disk Drive Inactivity time-out is the Sector Count register value times five seconds. 
The programmable range is from 12 (60 seconds, or 1 minute) to 220 (1100 seconds, or 
18.33 minutes). 
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Check Status (98h) 
This command allows determination of the status of the fixed disk drive. If the drive is in 
Low Power, the value 00h is loaded into the Sector Count register. Otherwise the value FFh 


w is loaded. 
Identify (ECh) 
The Identify command allows the CPU to receive parameter information from the drive. When 
the command is issued, the controller gets the parameters from the drive, stores them in the 
sector buffer, sets the DRQ bit in the Status register, and allows the CPU to read the 
information out of the sector buffer. The parameter words in the buffer are described in 
Table F-13. 

wy 
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Table 6-13. 
Identify Command Parameter Words 
Word Contents 
0 General drive configuration bits 


BIT FUNCTION 


<15>  0-=Magnetic disk drive 
1 = Nonmagnetic disk drive 
<14>  #.1-= Format speed tolerance gap required 
<13> 1 = Track offset option implemented 
<12> 1 = Data strobe offset option implemented 
<11>  1-= Rotational speed tolerance is greater than 5% 
<10> _ 1 = Transfer rate greater than 10 Mb/s 
<9> 1 = Transfer rate greater than 5 Mb/s but less than or equal to 10 Mb/s 
<8> 1 = Transfer rate less than or equal to 5 Mb/s 
<7> 1 = Removable cartridge drive 
<6> 1 = Fixed drive 
<5> 1 = Spindle motor control option implemented 


<4> 1=Head switch time greater than 15 Us 

<3> 1 = Not MFM encoded 

<2> 1 = Soft sectored at 
<1> 1 = Hard sectored 

<Q> Reserved 


Number of fixed cylinders 
Reserved 
Number of heads 
Number of unformatted bytes per physical track 
Number of unformatted bytes per sector 
Number of physical sectors per track 
Number of bytes in the intersector gaps 
Number of bytes in the sync fields 
Number of words of vendor unique status 
0-19 Serial number (20 ASCIl characters, Oh = not specified) 


—(|O!l@dOIN[ OO] oa! &] Gi hw] — 


Continued 
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Table 6-13. Continued 








Word Contents 
20 Controller type: 
w 0000 not specified 


0001 single-ported single-sector buffer 
0003 dual-ported multiple-sector buffer with a look-ahead read 





21 ALL OTHERS ARE RESERVED 

22 Controller buffer size in 512-byte increments (0 = not specified) 

23-26 Number of ECC bytes passed on read/write long commands (0 = not specified) 
27-46 Model number (40 ASCII characters, 0 = not specified) 

47-255 Reserved 





Read Buffer (E4h) 


The Read Buffer command allows the CPU to read the current contents of the controller’s 
sector buffer. When this command is issued, the controller goes busy, sets up the sector buffer 
for a read operation, sets the Data Request bit (DRQ), and goes not busy. The CPU can then 
read as many as 512 bytes of data. 


ww Write Buffer (E8h) 


The Write Buffer command allows the CPU to overwrite the contents of the controller’s sector 
buffer with any data pattern desired. When this command Is issued, the controller goes busy, 
sets up the sector buffer for a write operation, sets the DRQ bit, and goes busy. The CPU can 
then write as many as 512 bytes of data. 





COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


| 6-62 Mass Storage 


Fixed Disk Drive Controller Error Reporting 





Command - 

initialize Drive Parameters 

Seek 

Recalibrate 

Read Sectors 

Read Long 

Write Sectors 

Write Long 

Verify Sectors 

Format Track 

Execute Controller Diagnostic 

identify 

Read Buffer 

Write Buffer 

invalid Command Code 
Legend: 
AE oe a oe a ee ee 
BB = Bad block detected SC = Disk drive seek complete not 
UD = An uncorrectable data error detected 
ID = Requested ID not found CD = Acorrected data error 
AC = An aborted command error ER = The error bit in the Status 
TZ = Track 0 not found error register —J 
AM = Data Address Mark not found V_ = Indicates that this orror type is 
NR = Disk drive not ready detected valid for this command 
WF = Disk drive write fault detected 


Figure 6-4. Fixed Disk Drive Controller 
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Fixed Disk Drives 


Formatted Capacity Per Drive 


Drives Supported 


Drive Height (with drive frame) 
Drive Size (without drive frame) 
Drive Type(s) Supported 
Transfer Rate (Mb/s) 


Sector Interleave 


Access Time (including settling) 


Track-to- Track (ms) 
Average (ms) 


Maximum (ms) 


Physical Configuration: 


Cylinders 
Heads 


Table 6-14. 


Fixed Disk Drive Specifications 


20 MB 
21.4 MB 
One 

1.0 in 
3.5 in 

2, 54 

9 

1:1 


8 

29 

90 

20 MB 
619 

2 
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Specifications 


40 MB 
42.9 MB 
One 

1.0 in 
3.5 in 
53,17 


29 

90 

40 MB 
1096 
2 


Sectors/T rack 


Bytes/Sector 


Logical Configuration: 


Cylinders 


34+1 (Spare) 
512 


Type2 Type 54 
(20 MB) (20 MB) 


38+1 spare 
912 


Type 17 Type 53 
(40 MB) (40 MB) 


980 048 


Heads 
Sectors/Track 
Bytes/Sector 


615 615 
4 4 

17 17 
912 912 


<) 4 
17 38 
912 912 
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6.4 TAPE DRIVES 


Introduction 


An optional 40-Megabyte or 60-Megabyte Tape Drive can be mounted in the External Storage 
Module. The 40-Megabyte Tape Drive stores a maximum of 40 megabytes on a 3M DC2000 or 
equivalent tape cartridge. The 60-Megabyte Tape Drive stores a maximum of 60 megabytes on 
a 3M DC2120 Kapamat or equivalent tape cartridge. A copy of the COMPAQ TAPE utility is 
provided with the 40-Megabyte Tape Drive. A copy of the COMPAQ EZTAPE utility is 
provided with the 60-Megabyte Tape Drive. This chapter contains the following information on 
the 40-Megabyte and 60-Megabyte Tape Drives: 


a 


@ Functional Description 
m@ Tape Drive Commands 
@ Tape Drive Connectors 
a 


Tape Drive Specifications 


Functional Description 


Both Tape Drives consist of a microprocessor, firmware, stepper motor, drive motor, read/write J 
head, and control circuits. The logic board uses a Z8 microprocessor with 8 Kbytes of ROM to 
control the drive. The logic board interfaces with the: 


Movable head, which reads and writes data 
Cartridge-installed sensor 

Write-protect sensor 
Beginning-of-Tape/End-of-Tape (BOT/EOT) sensor 


Stepper motor, which positions the head 


Drive motor, which advances and rewinds the tape 
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Figure 6-5 shows a functional block diagram of the optional Tape Drives. 


System 
Power 
Supply 


Storage 


Expansion 
Controller 














Power tring 
oo 






Motion & Speed 
Control 


DRIVE MOTOR C__E= 












CARTRIDGE 
DRIVE 
ROLLER 


Servo 
Detector 
+ 


Power On 
Reset 


Positioner 
Control 
fe 












eevee asic 
g CARTRIDGE 
=?) 
HEAD 
POSITIONER R/W 
MOTOR & CAM HEAD 


Figure 6-5. Functional Block Diagram of Optional Tape Drives 
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Tape Drive Commands 


All tape drive operations are one of five fundamental processes: 
1. Servo Write, which initializes the tape media by writing indexing information. wa 


2. Tape Format, which writes block, sector, and track information onto the tape. This 
information joins the indexing information previously written by Servo Write. This 
process prepares data areas consistent with the Diskette Controller Chip (DCC) 
data format. 


3. Write Data, which writes information in the same layout as standard diskette tracks. 
4. Read Data, which reads information in the same layout as diskette tracks. 
5. Erase, which erases all information on tape (including servo and data). 


The Servo Write operation is initiated by executing an Enter Format Mode command followed 
by the Servo Write command. This action moves the tape to the beginning at Block 0 and Head 
O and then writes encoding index pulses on the tape in a streaming-write mode. These pulses 
are used solely by the tape drive and are not available to the programmer. 


NOTE: If the Servo Write operation 1s interrupted, the tape cartridge must be fully erased 
before it can be used again. 


The format operation for tape is similar to the format process for diskette drives. To format the 

tape, the integrated fixed disk drive controller on the system board takes control of the interface 
and supplies the track and sector data for every block on the track. The data format on the tape 

has the characteristics of a diskette. 


The tape drive accepts commands as pulses on the step line. The number of pulses determines 
the desired command. Any number of pulses not recognized as commands are ignored. The 
tape drive does not recognize the step pulses unless the DCC is programmed for a 3- or 6-ms 
gap between pulses. 
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Table 6-15. 
40-Megabyte Tape Drive Command Summary 





Pulses Command Action 


2 Stop Motion This command stops tape motion. The BUSY- line is active for 500 
ms after power is removed from the motor. If the tape is not moving 
when the command is issued, the drive will return a 2—ms pulse on 
BUSY-; any tape motion command except LOAD POINT may be 
terminated early by execution of this command. Execution of the 
Stop Motion command clears an active status indication (BUSY— 
being active); this acts as an acknowledgment that the host has 
read the status reported. 


3 Pause This command stops tape motion, moves the tape in the logical 
reverse direction at least two blocks, then stops the tape. This 
command leaves the tape positioned for reading or writing a block 
that has been missed. INDEX pulses are output by the drive while 
the tape is moving, but reading and writing are disabled. BUSY- will 
go inactive when tape movement stops. 


4 seek to This command causes drive to SEEK TO TRACK 0 Load Point and 
— rewind the tape at 50 ips to the load point position just inside the 
beginning of tape (BOT) position. The drive automatically executes 
a SEEK TO LOAD POINT command whenever power is applied to 
the drive and a cartridge is installed, or whenever a new cartridge is 
inserted into the drive. BUSY- is active while executing this 
command. 


<) Move Tape This commands moves the tape at 60 ips toward. Physical end of 
tape (EDT) position. BUSY- is active Forward during execution of 
this command. While tape is in motion, the drive will output index 
pulses at a rate equivalent to that of data blocks passing beneath 
the head. The tape is at EOT when this command is issued, the 
drive responds with a 2-ms pulse on the BUSY- line. 


6 Move Tape This command moves the tape at 60 ips toward the Physical BOT 
position. BUSY- is active during the Reverse execution of this 
command. If the tape is at BOT when this command is issued, the 
drive responds with a 2-ms pulse on the BUSY-line. 


7 Report Normal This command causes drive to activate the BUSY- line if the 
completion Previous TAPE MOTION command (MOVE TAPE 
PHYSICALLY FORWARD or REVERSE) was completed normally. 
If the command did not complete normally, BUSY— remains 
inactive. 
a 


Continued 
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Table 6-15. Continued 


Step 
Pulses Command Action 


8 Report Drive Causes drive to activate the BUSY- line if the drive is present and wW 
capable of interpreting and responding to the command. If the drive 
is not present or unable to recognize the command, BUSY-— remains 
inactive. 


9 Report End of Tape Causes the drive to activate BUSY- if the head is over the EOT 
position. If the head is anywhere else, BUSY— remains inactive. 


10 Report Beginning Causes the drive to activate BUSY- if the head of Tape is over the 
BOT position. If the head is anywhere else, BUSY— remains 
inactive. 


11 Report Cartridge Causes the drive to activate BUSY- if the cartridge is installed in the 
drive. If the cartridge is not present, BUSY— remains inactive. 


12 Report Track Causes drive to activate the BUSY- line if the Found head is 
positioned over the track specified in the last SEEK TRACK 
command. If the head is not over the track, BUSY-— remains 
inactive. This status remains valid until the next TAPE MOTION 
command Is issued. 


13 Report New Causes drive to activate the BUSY- line if the Cartridge Present 
indication on the drive has been active, gone inactive, and come 
back active again. If this sequence has not occurred, BUSY-— ww 
remains inactive. If this status is TRUE, it will be cleared by 
executing this command. 


14 Move Tape Initiates tape movement in the direction that logically does not allow 
reading or writing of data to reverse the tape. The physical direction 
of tape motion depends on what track the heads are over because 
of the serpentine track pattern used on the tape. BUSY- is active 
during execution of this command. There will be no response from 
the drive if the heads are logically at the end of the track. 


15 Move Tape Logically Initiates tape movement in the direction that allows reading or 
writing of data to the tape. Forward the physical direction of tape 
motion depends on what track the heads are over because of the 
serpentine track pattern used on the tape. BUSY- is active during 
execution of this command and index pulses continue to be 
produced as long as the head Is track following. There will be no 
response from the drive if the heads are logically at the beginning of 
the track. 


Continued 
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Table 6-14. Continued 


Step 
Pulses Command Action 
w 16 Enter Format Puts the drive in the mode where INDEX pulses are generated at 
both the beginning and end of each tape block. The drive issues a 
2-ms pulse response. 

17 Enter Normal Puts the drive in the mode where INDEX pulses are generated 
only at the beginning of each tape block. The drive issues a 2-ms 
pulsed response. 

18 Report Expanded The drive gives a positive (TRUE) 2-ms Instruction Set pulsed 
response. 

19 Report Cartridge The drive gives a positive (TRUE) 2-ms pulse Drive Type response. 
The user responds with “N” step pulses to query the inserted tape 
cartridge. N = 4 through 11 for one group of commands (N = 4,5, 
6, 7, 8, 10, 11), the drive gives a positive (TRUE) latched response 
if the cartridge/drive type is true. The drive gives no response if the 
answer is FALSE. These commands are described as follows: 

“N” Command Description 
4 True DC2000 cartridge installed 
False DC1000 cartridge installed 
| 5 True High-density (> 6400 bpi) tape installed 
ww False Low-density (6400 bpi) tape installed 
6 True 145/245/285 drive 
False 110/125/225 drive 
7 True DC2000 Long Length capability 
False No DC2000 Long Length capability 
8 True Write Enable gated with Drive Select 
False Write Enable not gated with Drive Select 
10 True Dual-speed drive installed 
False Dual-speed drive not installed 
11 True Dual-speed drive set to standard data transfer rate 
False Dual-speed drive set to optional data transfer rate 


Continued 
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Table 6-14. Continued 


Step 

Pulses Command 

19 Report Cartridge/ 
Drive Type 
(Continued) 


N = 12 through 16 
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Action 


For a second set of commands (N = 12, 13, 14, 15, 16), the drive 
will give a multiple-bit response. After receipt of the initial 
commands (19 step pulses), the drive will give a positive (TRUE) 
2-ms pulse response. The user responds with “N” step pulses to 
query the desired status. The drive will then give a positive 
(TRUE) latched response, indicating the start of the reporting 
sequence. The user will then send a Pause/Continue (three step 
pulses) command to increment the drive to the next bit in the 
sequence, which is bit < 0 > (LSB) of the status response. A 
positive (TRUE) latched response on the BUSY- line indicates a 
1” bit, while a negative (FALSE) response indicates a ”0” bit. The 
user continues to read the status bits and to increment to the next 
bit with the Pause/Continue Command until all of the status bits 
have been reported. The number of bits in the response is 
dependent upon the command being used. After the last bit of the 
status has been received, a Pause/Continue command is sent to 
advance to the terminating state of the command. The drive will 
give a positive (TRUE) response to indicate the end of the 
reporting sequence. This confirms that the communication is still 
active after a string of zeros has been sent. The final latched 
response can then be cleared with a Stop (three step pulse) 
command. Commands N = 12 through 16 are described on the 
following page. 


Continued 
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Table 6-14. Continued 








Step 
Pulses Command Action 
w 19 Report Cartridge/ Provides the drive type and the tape format in two 5—bit responses 
Drive Type as follows: 
(Continued) D 
N=412 rive Type 
B4 B3 B2 B1 BO _ Drive Type 
0 0 0 Q Q 110/210 
0 0 0 0 1 120/220 
0 0 O 1 QO 125/225 
0 O O 1 1 145/245 
0 0 1 0 QO 146/246 
0 0 1 0 1 165/265 
0 O 1 1 O Reserved 


1 1 1 1 1 Reserved 


Tape Format 


B4 B3 B2 B1 BO Tape Format 

wy 0 0 0 0 O_ Nocartridge installed 
0 0 0 0 1. £110 (6,440 bpi, 8 track) 
0 0 0 141 +O 120 (6,400 bpi, 14 track) 
0 0 0 1 1 125 (10,000 bpi, 20 track) 
0 0 1 +O O - 145 (10,000 bpi, 20 track) 
0 0 1 O 1 £165 (13,200 bpi, 24 track) 
0 0 14 4 +O £185 (11,600 bpi, 32 track) 
Oo 0 1 1 1 120XL (6,400 bpi, 14 track) 
0 1 0 0 0  145XL (6,400 bpi, 20 track) 
O 1 0 OO 1. #£265XL (6,400 bpi, 24 track) 
0 1 0 1 0 Reserved 
1 1 1 1 1 Reserved 





Continued 
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Table 6-14. Continued 


Pulses 
Step Command Action 
19 Report Cartridge/ 
Drive Type 
(Continued) 
N=13 Provides the general status of the drive as follows: 









1 = Cartridge installed, 

DC2000 long length 
6 | 1=DC2000cartridge 
[5 _[_1=New cartridge inserted 
4 | t=Trackfound 
(3 | t=Cartridge present 
_ 2 | t=TapeatBOT 
[0 | 1=Normal completion 





Continued 
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Table 6-14. Continued 


Step 
Pulses Command Action 
19 Report Error Status 
(Continued) 
N= 14 This command has an 8-bit response: 


Dec. B7 B6 B5 B4 B3 B2 B1 BO Error 


00 000 0 0 0 0 Q_ Normal status — no error 
already reported 

01 0000 0 0 0 1. Tape format not allowed 
for this drive 

02 000 0 0 0 1 OQ. Undefined tape format 
encountered. 

03 000 0 0 0 1 1_ Drive failed to reach 
operating speed. 

04 00000 1 0 0 After reaching speed, tape 
speed below error limit. 

07 000 00 1 1 =#41 + No tape in cartridge when 
attempted load point. 

08 000010 0 0. Failed to find the load 
point hole in load point. 

O9 000010 0 1 Illegal cartridge found on 
load point. 

10 00 0 0 1 0 1 QO. Load point stall occured. 


11 00001 0 1 #1. Tape run-off in load point. 


12 O00 0 0 1 1 +0 QO. BOT double hole 
encountered while 
searching for ID bursts. 

13 00001 1 0 1 Illegal attempt to 
servo-write a 300 foot tape. 

14 00 00 1 £1 £1 =O Failed conventional 
edge of tape test. 

15 0000 1 1 £41 #1 += Failed head travel test. 


16 000 10 0 0 QO _ Invalid servo-write attempt. 


255 1 1 1 =1 +1 ~=#1 =#1 +1 + #No errors since processor 
power-up or reset. 


Continued 
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Table 6-14. Continued 


Step 

Pulses Command Action 

19 Report Cartridge/ ww 
Drive Type 
(Continued) 
N= 15 Provides various drive operation information 


Track Following Limit 
O = Limiter ON 
1 = Limiter OFF 


Format Mode 
QO = Normal mode 
1 = Format mode 


Head Positioner Lock 


O = Lock OFF 
1 = Lock ON 


Mapper State 
O = Mapper OFF 
1 = Mapper ON 
Transfer Rate 
000 = 250 Kb/s 
001 = 500 Kb/s 
010 = Reserved 
011 = 1.0 Mb/s 





Continued 
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Table 6-14. Continued 








Step 
Pulses Command Action 
19 Report Cartridge/ Provides firmware revision level: 
Drive Type This command gives a 10-bit response for the firmware revision 
(Continued) level. The revision level is defined by a two-digit code, which can 
N= 16 contain letters, numbers or both. The most-significant digits are 
represented by bits < 9..5 >. The least-significant digits are 
represented by bits < 4..0 >. 
Bits Bits 
9..5/ 9..5/ 
4..0 Digit 4..0 Digit 
00000 0 10000 G 
00001 1 10001 H 
00010 2 10010 J 
000113 10011 OK 
00100 4 10100 L 
00101 5 10101 M 
00110 6 10110 oN 
00111 7 10111 P 
01000 8 11000 Q 
01001 9 11001 oR 
01010 A 11010 S 
01011 ~B 11011 TT 
01100 C 11100 U 
01101 D 11101 
01110 E 11110 W 
01111 F 197111 X 


Continued 
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Table 6-14. Continued 


Step 
Pulses Command Action 


20 Seek Track 0 Initiates tape motion at 50 ips and positions the head over Track 0. 
While the positioning operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, INDEX pulses are 
reenabled and tape motion continues at 50 ips to allow reading or 
writing. 


21 Seek Track 1 Initiates tape motion at 50 ips and positions the head over Track 1. 
While the positioning operation is taking place,. INDEX pulses are 
inhibited. Once the destination track is reached, INDEX pulses are 
reenabled and tape motion continues at 50 ips to allow reading or 
writing. 


22 Seek Track 2 Initiates tape motion at 50 ips and positions the head over Track 2. 
While the positioning operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, INDEX pulses are 
reenabled and tape motion continues at 50 ips to allow reading or 
writing. 


23 Seek Track 3 Initiates tape motion at 50 ips and positions the head over Track 3. 
While the positioning operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, INDEX pulses are 
reenabled and tape motion continues at 50 ips to allow reading or —J) 
writing. 


24 Seek Track 4 Initiates tape motion at 50 ips and positions the head over Track 4. 
While the positioning operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, INDEX pulses are 
reenabled and tape motion continues at 50 ips to allow reading or 
writing. 


25 Seek Track 5 Initiates tape motion at 50 ips and positions the head over Track 5. 
While the positioning operation is taking place. INDEX pulses are 
inhibited. Once the destination track is reached, INDEX pulses are 
reenabled and tape motion continues at 50 ips to allow reading or 
writing. 


26 Seek Track 6 Initiates tape motion at 50 ips and positions the head over Track 6. 
While the positioning operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, INDEX pulses are 
reenabled and tape motion continues at 50 ips to allow reading or 
writing. 


Continued 





COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 





Table 6-14. Continued 


Step 

Pulses Command 

27 Seek Track 7 

28 Seek Track “N” 

29 Erase Tape 

30 Diagnostic Type “N" 


Technical Reference Guide 


Action 


Initiates tape motion at 50 ips and positions the head over Track 7. 
While the positioning operation is taking place, INDEX pulses are 
inhibited. Once the destination track is reached, INDEX pulses are 
reenabled and tape motion continues at 50 ips to allow reading or 
writing. 

Where N = Track Number + 4 and where Track Number = 0 to 19. 
The drive shall give a positive (TRUE) 2-ms pulsed response. The 
user shall respond with “N” step pulses indicating the desired tape 
track the device will seek. Tape motion will begin, BUSY will go 
true, and INDEX pulses will be sent when the tape head is 
track-following on the desired track. 


Moves the tape to the LOAD POINT with the head at the edge of 
the tape and then erases the entire tape. If a cartridge is not 
present or is write-protected, this command will be ignored. BUSY— 
is active during execution of this command and a continuous 
250-Khz clock is transmitted over the Read Data Line. Immediately 
prior to issuing this command, an ENTER FORMAT MODE 
command must be issued. If not preceded by the ENTER 
FORMAT MODE command, the erase tape command will be 
ignored. 


The drive will give a positive (TRUE) 2-ms pulsed response. The 
user will respond to Type “N” with “N" step pulses indicating the 
type of action to be taken by the drive. The drive will then give a 
positive (TRUE) response indicating receipt of the command. 
Command N = 4 turns the margin verify circuit OFF. The circuit is 
also turned off when the cartridge is removed from the drive. 


Command N = 11 requires a third user response “R” (transfer rate) 
for completion. This command causes the drive to report the 
search range of the edge of tape algorithm that is in use. This 
allows test equipment to compute the distance the cam is set 
below the edge of tape. 


The drive will go active and send a number of INDEX pulses equal 
to the number of temporary bursts taken to locate the edge of tape. 
Once the INDEX pulses have been sent, the drive returns to an 
inactive state. This is the default mode which does not allow 
reading and writing. 


Continued 
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Table 6-14. Continued 


Step 
Pulses Command Action 


“N” Command Description 

Invalid command 

Terminate command sequence 
Invalid command 

Margin verify off 

Margin verify on 

Lock head positioner 

Step head up 

Step head down 


O DOAN OO oO Ff W NYO — 


Uniock head positioner 


ak 
O 


Indicate edge of tape algorithm 


—s 
coach, 


Set drive transfer rate: 

1 = Invalid 

2 = Terminate command 

3 = Invalid 

4 = 250/Kb/s —J 
5 = 500 Kb/s 

6 = Reserved Kb/s 

7 = 1.0 Mb/s 


12 Reserved 
13 Enable track following limit 
14 Disable track following limit 


Continued 
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Table 6-14. Continued 


Step 

Pulses Command 

31 Servo Write 
32 Recalibrate 


Technical Reference Guide 


Action 


Moves the tape to the LOAD POINT with the cartridge head over 
Track 0, then writes the servo information used for head positioning 
on all 20 tracks. If a cartridge is not present or is write-protected, 
this command will be ignored. BUSY- is active during execution of 
this command. Immediately prior to issuing this command, an 
ENTER FORMAT MODE command must be issued. If not 
preceded by the ENTER FORMAT MODE command, the SERVO 
WRITE command will be ignored. The drive will only execute this 
command when a DC2000 cartridge is installed (cartridge presence 
status is true). 


This command does nothing but issue a 14-ms pulse on the 
BUSY- line to mimic the operation of a diskette drive. No tape drive 
action is taken. 


40-Megabyte Tape Drive Formatting 


The TAPE Utility formats a tape by commanding the tape drive to perform a Servo Write 
process. The Servo Write process divides the tape into sections called servo blocks. 


The TAPE Utility then writes formatting data into the servo blocks. Each of the 20 tape tracks 


is formatted by the Diskette Controller Chip (DCC) to yield eighteen 1024-byte sectors per 


block. The data are written in double-density or Modified Frequency Modulation (MFM) with 


the same layout as a standard diskette track. 
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Table 6-16. 
Tape Data Format 
Nominal Number 
Value (Hex) of Bytes 
Index pulse) 
Pre-index Gap 4Eh 80 
Pre-index Address 
Mark Sync OOh 12 
Index Address Mark FCh (note 1) 4 
Gap 1 4Eh 50 
Pre-ID AM Sync OOh (note 2) 12 
ID Address Mark FEh (note 3) 
sector ID xxh (note 4) 
sector ID CRC xxh 
Gap 2 4Eh 22 
Pre-Data AM OOh 12 
Data Address Mark FBh (note 3) 4 
Data xxh 1024 
Data CRC xxh 2 
Gap 3 4Eh 54 
Gap 4 4Eh (until second 





Index pulse) 


NOTES: 1. First three bytes are C2h with missing clock transition 
between bits <3 > and <4>. 
2. The boxed field is written once for each sector in the 
block with appropriate sector ID 
values for each sector written. 
3. First three bytes are Ath with missing clock transition 
between bits < 4> and <5>. 
4. xx = Data-dependent 
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The Gap 3 value (54 bytes) shows the gap size when the tape is formatted. The Gap 3 size 
specified in the read/write commands is smaller (23 bytes). The size of Gap 4 depends on the 
tape speed. The DCC keeps writing until the second index pulse occurs. 


The boxed field is written once for each sector in the block, with appropriate sector ID values 
for each sector written. The sector ID consists of four 1-byte fields that are used to identify 
each sector (using diskette mnemonics). 


40-Megabyte Tape Drive File Storage 
The TAPE Utility places two types of descriptive information — called the tape header (HDR) 
and the File Allocation Table (FAT) — at the beginning of the tape (Track 0, Block 0). The 
HDR is written to the tape first, followed by the FAT. When a set of files 1s written to the tape, 
the HDR and the FAT are modified to reflect the new tape status. A redundant copy of the 
HDR and FAT Is stored in Track 0, Block 1. If the first block becomes unreadable, the 
information in the second block is used to retrieve the data on the tape. All remaining blocks 
contain directory and file information. 


The TAPE Utility generates an ECC that is stored in the last two sectors of each block, which 
is shown in Figure 6-6. 
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Figure 6-6. 40-Megabyte Tape Drive Track 0 Data Format 


The following paragraphs describe the organization of data on a tape used with the 
40-Megabyte Tape Drive. 


40-Megabyte Tape Drive Header 
The HDR occupies the first 1024-byte sector on the tape which is shown in Figure 6-7. The 
tape header 1s divided into three parts: the Tape Identification (TID) area, the Save Set 
Structures, and a reserved area. 


1024 Bytes 
—IbYbVDWAWqewe— 
64 Bytes 768 Bytes 192 Bytes 


TID Save Set Description 


Figure 6-7. 40-Megabyte Tape Drive Header 
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40-Megabyte Tape Identification Area 


Table 6-16 lists the contents of the tape identification area. Table 6-18 further explains the 
we contents of the tape identification area. 


Table 6-17. 
Tape Identification Area 


Function Bytes 


Reserved (must be zero) 2 


GO 
DO 


Volume name 
Create (format) time 
Create (format) date 
Tracks per tape 
Blocks per track 
sectors per block 
Bytes per sector 
Tape number 

More flag (for multiple tape drive) 
Backup time 
Backup date 


Program version (in BCD) 


MM MO TMOTMTMITMIT MITMTNMLNMT_NM TR 


Format type 


Reserved 


NO 
oO? 
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40-Megabyte Tape Identification Area Parameters 





Table 6-18. 
40-Megabyte Tape Identification Area Parameters 
Parameter Description 
Volume name Up to 31 characters in length, padded with zeros 


to 32 bytes, resulting in a “standard” 
null—terminated string. 


Date/time Set only when the tape is formatted (by TAPE 
the tape FORMAT or TAPE DRIVE), and is not updated 
was initialized by anormal DRIVE operation (see Figure 6-8). 
Number of tracks per tape 20 for 40-MB Tape Drive, numbered 0..19 
Number of intra—servo 124 for 40-MB Tape Drive, numbered 0..123n 
blocks per 
tape track 
Number of sectors per block 18 for 40-MB Tape Drive, numbered 1..18 
Number of bytes per sector 1024 
Tape number The number of this tape in a multi-tape drive a 


set. For a single—entry backup, this entry is “1”. 


More flag This word is set to ’1” to indicate that there are 
additional tapes in the backup set, or "0” to 
indicate that this is the last tape in the set. Fora 
single tape drive, this entry is “O”. 


Date/time The date/time is written by BACKUP when the 
tape was backed up and updated (see Figure 
6-8). 

Tape Utility version (in BCD) TAPE Utility version used to write the tape. 

Format Descriptor The low byte of this word appears at offset +56 


in the first sector of the tape. The format 
descriptor is used by the software to determine 
the tape format by recognizing the following 
codes: 
O — Tape is unused 
1 — Reserved 
3 — Tape used by TAPE Utility prior to 
Version 1.10 
4 — Tape used by TAPE Utility Version 1.10 
and later 
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Figure 6-8 shows the format of the time and date parameters of the tape identification area for 
the 40-Megabyte Tape Drive. 


BITS 


15..11 10..5 4..0 


BITS 


8..5 4..0 
Year-1980 (0-119) Day (1-31) 


Figure 6-8. Time and Date Format of the Tape ID Area for the 40-Megabyte Tape Drive 
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40-Megabyte Tape Drive Save Set Descriptions 


The TAPE Utility supports multiple drives per tape. Each time a set of files is backed up on the 
tape, a Save Set description containing 24 bytes is written to the tape header. As many as 32 
Save Set descriptions can be stored in the 768-byte Save Set description area of the tape header. 
Table 6-19 lists the 24-byte Save Set parameters. 





Table 6-19. 

save Set Parameters 
Parameter Bytes 
Backup time 2 
Backup date 2 
Version 2 
Save Set label 12 
Start block 


2 
Source drive | 
Reserved byte 1 
Reserved word y) 

















Table 6-20. 
Save Set Parameters Description 
Parameter Description 
Backup time Date/time the Save Set was backed up. This entry in the last 
nonblank Save Set matches the backup time and date located in 
the TID area. 
TAPE Utility Version The version of the TAPE Utility that wrote the tape (in BCD) 
Starting block of Save Set Tape block number where the Save Set begins 
Backup source drive Fixed disk drive or diskette drive from which the Save Set was 
backed up 
Save Set label Save Set label, up to 11 characters in length, padded with zeros to 


12 bytes, resulting in a standard null terminated string 








COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 





| Technical Reference Guide 6-87 


40-Megabyte Tape Drive File Allocation Table 
The File Allocation Table (FAT) controls the assignment of sectors on the tape. For every 
sector on the tape, except for sectors containing ECC information, two bits are maintained in 
the FAT that describe the current state of that sector, as given in the following tabulation. 


FAT 

Entry Sector Status 

00 Not allocated 

01 Start of a file (header) 
10 Allocated 

11 Bad Sector 


Each FAT byte contains four 2-bit fields, with the least-significant bits describing the first 
sector. The FAT has allocation entries for the entire tape, including the tape HDR and FAT 
sectors. The entries for these sectors are “allocated.” Not all 15 available sectors are used for 
the FAT (not all are necessary). The size (in bytes) of the FAT for a tape can be determined by 
the following equation: 


FAT size = (tracks x blocks per track x sectors per block)/4 
For a 40-Megabyte Tape Drive, the FAT size 1s: 
(20 tracks x 124 blocks per track x 16 sectors per block)/4 = 39680/4 or 9920 bytes/FAT 


Example: A 40-Megabyte Tape Drive with no bad blocks contains two files, one of which 
occupies one sector, and one of which occupies three sectors. The first 10 bytes of the FAT 
would appear as follows: 


FAT entries for first block on tape: 


FAT entries for second block on tape: 


FAT entries for files: 
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40-Megabyte Tape Drive Directory Information 
All blocks after “O” and “1” on Track O contain directory and file information. If the backup 
Spanned multiple directories, the first sector of the Save Set would contain directory 
information. This information tells the TAPE Utility which directories to create on the 


destination disk during the Tape Restore process. These sectors are marked as allocated in 
the FAT. 


Table 6-21 lists the format of the directory information. 


Table 6-21. 
Directory Information Format 
Function Bytes 
Directory name 1 78 
Last entry flag 
Reserved 
Directory name N 78 
Last entry flag 2 
Reserved 


Table 6-22 lists the directory information parameters. 





Table 6-22. 
Directory Information Parameters 
Parameter Description 
Directory name Directory path name, padded with zeros to 78 bytes, resulting ina 


standard null-terminated string 


Last entry flag Indicates status of directory name list 
1 = last entry in directory list 
O = more entries in directory list 


Reserved _-— 
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Only the path names of the lowest—level subdirectories are saved. All intermediate 
subdirectories can be recreated from these. 


we Example: The following directory names are generated for the directory shown in Figure 6-9: 


\DOS 

\TOOLS\EDITOR 
\MISC\REPORTS\TEMP 
\MISC\MEMOS 
\MISC\EXPENSE 


Mae os 
Eaton 


Figure 6-9. Sample Directory 
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40-Megabyte Tape Drive File Information 
Following the directory information are the sectors containing the file information. The first 
sector of each file contains a header, which contains various information about the file. 
Table 6-23 describes the file information. 





Table 6-23. 
File Information 


Function ~~ Bytes. 
Header signature (55h, AAh) 2” 
Filename 108 
File attribute 
Original file time 
Original file date 
File size (in bytes) 
Backup time 
Backup data 

Aux file attribute 1 
Aux file attribute 2 





PO; MT] MT MTP] mM] NM] PD 


The tape file information parameters are given in Table 6-24. 
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Parameter 


Header signature 


Filename 


File attribute 


Original date/time 
File size 


Backup time and date 


Aux file attribute 1 


Aux file attribute 2 
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Table 6-24. 
Tape File Information Parameters 


Description 


The 2-byte header signature is 55h, AAh. This signature is used to identify the 
header or separate it from the rest of the tape information. 


The filename may be up to 107 characters in length, padded with zeros to 108 
bytes, resulting in a standard null-terminated string. No structure is imposed on 
the filename other than maximum length, but both the TAPE Utility Version 2.1 
and 2.2 expect a DOS-style path name (without a drive letter). 


This word value is used by the TAPE Utility to retain the original attributes of the 
file as specified by the operating system. For MS—DOS and MS OS/2, only the 
low-order byte is used. 


Original date/time of the file. 
32-bit file size (in bytes). 


The date and time the file was backed up. This value is the same as the 
corresponding value in the headers of all the other files that were part of the 
Same backup. 


Used with MS-DOS only. Not used in COMPAQ TAPE Utility prior to Version 
1.10. In Version 1.10 and later: Bit < 0 >, if set (= 1), means that this file is 
continued on the next tape. In this case, the file size indicates only the portion of 
the file that is on this tape. 


Bit < 1 >, if set (= 1), means that this file is continued from the previous tape. In 
this case, the file size indicates only the portion of the file that is on this tape. Bit 
< 1 >, set (= 1) with bit < 0 > reset (= 0), indicates the last portion of the file. 


Reserved, must be “0” 
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Tape Drive Connectors 


The Tape Drives use the same cable, connectors, and pin arrangements as the diskette drives 
use, for the connections to the system board and the DC power supply. 


ww 





The signal functions are different, however, and special software drivers are used to control the 
Tape Drives. Table 6-25 describes the signal functions. 














Table 6-25. 
Signal Functions 

Signal Function 
DRIVE 4 (Tape) Drive 4 Select— is used to select 40-MB Tape Drive 
SELECT-— 
INDEX— Indicate to the system board that one block has passed 
READ DATA- The data stream of data and clock pulses from the 40-MB Tape Drive 
STEP-— Pulses give commands to the tape drive 
BUSY- Indicates to the system board that the tape drive is still executing 

a command 
WRITE DATA-— This stream of data is written to the tape when WRITE GATE-— 

is enabled 
WRITE GATE- Enables the drive-logic disk-write circuits so data from the WRITE DATA— 

signal are written 
WRITE Indicates to the system board that the cartridge in the drive is 
PROTECT-— write-protected 
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40-Megabyte Tape Drive Specifications 














Caw 
Table 6-26. 
40-Megabyte Tape Drive Physical and Electrical Specifications 

Physical Size: 
Width 5.7 in (14.5 cm) 
Height 1.7 in (4.3 cm) 
Depth 8.0 in (20.3 cm) 
Weight 1.7 Ib (0.77 kg) 
Formatted capacity (with ECC) 40.61 MB 
Flux reversal density 10,000 FRPI 
Bit density 10,000 BPI 
Data Transfer rate 900 Kb/s 
Head positioning time: 
Adjacent tracks 250 ms 
Move (worst case) 1 sec 
Tape speed: 

% Read/Write 50 in/sec 
Rewind/Fast Forward 60 in/sec 
Tape end-to-end 
positioning time: DC1000 DC2000 
Read/Write 44sec 49sec 
Forward/Reverse 35 sec 35sec 
Track density 87 TPI 
Number of tracks 20 
Blocks/track 124 
Sectors/block 16 Data + 2 ECC 
Bytes/sector 1024 


ee ee ee ee ee a 
NOTE: DC 1000 cartridges backed up on the 10-Megabyte Tape Drive supported on other 
COMPAQ products can be read and erased, but not written to the 40-Megabyte Tape 


Drive systems. 
a 
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60-Megabyte Tape Drive Specifications 


ww 
Table 6-27. 
60-Megabyte Tape Drive Physical and Electrical Specifications 
Physical Size: 
Width 5.7 in (14.5 cm) 
Height 1.7 in (4.3 cm) 
Depth 8.0 in (20.3 cm) 
Weight 1.7 Ib (0.77 kg) 
Formatted capacity (with ECC) 60.9 MB 
Flux reversal density 10,000 FRPI 
Bit density 10,000 BPI 
Data Transfer rate 500 Kb/s 
Head positioning time: 
Adjacent tracks 250 ms 
Move (worst case) 1 sec 
Tape speed: 
Read/Write 50 in/sec 
Rewind/Fast Forward 60 in/sec 
Tape end-to-end 
positioning time: DC1000 DC2000 


Read/Write 44sec 49sec 
Forward/Reverse 35 sec 35sec 
Track density 87 TPI 

Number of tracks 20 

Blocks/track 186 


Sectors/block 
Bytes/sector 


NOTE: DC1000 cartridges backed up on the 10-Megabyte Tape Drive supported on other 
COMPAQ products can be read and erased, but not written to the 40-Megabyte Tape 


Drive systems. 
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6.5 EXTERNAL STORAGE MODULE 
The AC-powered External Storage Module holds either of two options: 


ww @ A5 1/4-inch 1.2-megabyte or 360-Kbyte diskette drive to provide compatibility with and 
communication between both types of industry-standard diskette drives. 


@ A one-half height 40-megabyte fixed disk drive backup (tape backup) to protect data. 


The storage module connects to the External Storage Module connector behind the Interface 
connector cover. If a diskette drive is installed in the module, a switch on the front panel 
permits the user to select it as drive A or B. 


This section provides the following information about the External Storage Module: 
@ A functional description, including connector signals and power supply data 


m@ Specifications 


Specifications 
Table F-28 gives the specifications for the COMPAQ LTE Personal Computer Systems 
External Storage Module. 
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Table 6-28. 
External Storage Module Specifications 


Unit size: 
Width 
Height 
Depth 


Weight 
Without Storage Device 
With drive installed 


Power requirements: 
Input voltage 
Output power 


Temperature: 
Operating 
Nonoperating 
Shipping 


Relative humidity (noncondensing): 


Operating 
Nonoperating 


ohock: 
Operating 
Nonoperating 


Vibration (2—hour duration): 
Operating sweep 
Nonoperating sweep 

Heat output 


Noise level 


Maximum altitude 
above mean Sea level: 
Operating 
Nonoperating 

Agency compliances 
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6.5 in (16.5 cm) 
2.3 in (5.8 cm) 
12.0 in (80.5 cm) 


2.6 Ib ( 1.2 kg) 
4.5 lb (2.0 kg) 


110 to 240 VAC 

5 VDC at 0.6 A continuous 
0.8 A peak (100 ms) 

12 VDC at 1.0 A continuous 
2.5 A peak (1.8 sec) 


50° to 1040 F ( 10° to 400 C) 
14° to 1400 F (-10° to 60° C) 
-220 to 140° F (-30° to 60° C) 


20% to 80% 
5% to 95% 


5 G 0.5 sine 11 ms any axis 
30 G 0.5 sine 11 ms any axis 


0.25 G 5- to 500-Hz sine 0.5 oct/min 
0.50 G 5- to 500-Hz sine 0.5 oct/min 
Varies according to option(s) installed 


Varies according to option(s) installed 


10,000 ft (3000 m) 
30,000 ft (9000 m) 
UL, CSA, TUV, FCC 
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Connectors 


Figure 6-10 provides a pinout for the 28-pin external storage module interface connector. This 
connector 1s located behind the interface connector cover on the back of the personal computer. 





27 


Signal 

Low Density— 
Drive Select 4— 
Index— 

Motor Enable— 
Step— 

GND 

GND 

GND 

GND 

Write Data— 
Track 0O— 

Read Data— 
Ext. Drive Present— 
GND 


Pin 


10 
12 
14 
16 
18 
20 
22 
24 
26 
28 


Figure 6-10. 28-pin external storage module interface connector. 


Signal 

Low Density Media— 
Disk Change— 
Drive Select— 
Direction— 
GND 

GND 

GND 

GND 

GND 

Write Gate— 
Write Protect— 
Head Select 
Boot 

GND 
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VIDEO 


yi | 


7.2 


INTRODUCTION 


This chapter describes the video subsystem used in the COMPAQ LTE series of personal 
computers. This chapter describes the following: 


Character Generator RAM [7.2] 


@ Gray Scale Scheme [7.3] 
m@ Display Modes [7.4] 
@ Display Controller Registers [7.5] 


External CGA Connector [7.6] 


The display controller supports a Liquid Crystal Display (LCD) in a CGA-compatible mode. 
In addition, the COMPAQ LTE/286 and COMPAQ LTE support an external 
CGA-compatible monitor. 


The display controller and its support circuitry provide all timing and control for the LCD and 
external CRT. A RAM-based character generator allows software to load and display alternate 
character sets. Although the LCD and CRT require different programming parameters, the 
display controller makes most of the differences transparent to the user. The 16 KBytes of the 
display memory are mapped from 0B8000h to OBFFFFh. The 8 KByte character generator 
RAM can be mapped into the display memory address space for access to the character set. 


CHARACTER GENERATOR RAM 


The character generator is an 8K x 8 static RAM, containing the main character set and an 
alternate character set. The character sets are loaded into the RAM by the system BIOS at 
power-on. The character-generator RAM is accessed by software by setting a bit in one of the 
registers in the CGA controller. 


The character-generator RAM contains only two character sets at any one time. The main 
character set is always used; the alternate character set can be used for highlighted characters 
when the alternate character set is selected. 


The main and alternate character sets can be reloaded. The address for the main character set is 
OB8000h through OB8FFFh. The address for the alternate character set is OB9000h through 
OB9FFFh. Only an 8 x 8 character cell format is supported. 
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7.33 GRAY SCALE SCHEME 


To support LCD panels, colors must be mapped into gray scales. The COMPAQ LTE series of 

LCD panels are not capable of generating 16 shades of gray; therefore, it is possible to map two J 
different colors to the same shade of gray. This could make it impossible to read some 
combinations of background and foreground. The Video Controller allows both background 
and foreground colors to be remapped when the colors are similar after gray 

scale mapping. 





The background and foreground colors for a character are compared. If the difference between 
the two colors is greater than a user-defined value (threshold) then the 4-bit value of each color 
is mapped into a 3-bit color value. 


If the difference between the background and foreground is less than the threshold, then the 
color mapping is done differently. When the difference is less than the threshold, the 
background and foreground are shifted away from each other by an amount equal to their 
respective shift parameters (Background Shift and Foreground Shift). After the shift, the 4-bit 
value of each color is mapped into a 3-bit color value. 


7.4. DISPLAY MODES 


Text displays are character oriented. The dot patterns for the display are stored in the J 
character-generator RAM. 


Graphics displays are pixel oriented. A pixel is the smallest controllable display element-a 
single dot or group of dots on the screen. The color of each pixel is specified in video memory 
(CRT mode). 


For text displays, the display controller uses two bytes of video memory to define each 
character: a character byte and an attribute byte. For graphics displays, the display controller 
uses the video memory as the source of patterns to display. The display controller supports the 
modes shown below for the internal LCD panel or an external CGA-compatible monitor. 
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/O Address R/W Description 

03D4h WwW Index 

O3D5h R/W Data 

O3D8h WwW Mode 

O3D9h W Color 

O3DAh R Status 

O3DBh W Reset Light Pen 

O03DCh W Set Light Pen 

BIOS Modes Description LCD CRT 
CGA: 0, 1 40 x 25 Text Yes Yes 
CGA: 2, 3 80 x 25 Text Yes Yes 
CGA: 4, 5 320 x 200 Graphics Yes Yes 
CGA: 6, 7 640 x 200 Graphics Yes Yes 


Modes 0, 1, 2, 3 | 
These text modes are supported by the BIOS and the display controller. For both the CRT and 
LCD modes, the character set format is 8 x 8. In modes 0 and 1, each pixel is doubled in the 
horizontal direction to yield a 16 x 8 character cell. In the CRT mode, 16 colors are supported. 
In the LCD mode, 4 shades of gray are supported. 


Modes 4 and § 


These graphics modes are supported by the BIOS and the display controller. In these modes, 
each pixel has two bits of information stored as adjacent pairs of bits in the display memory. 
In the CRT mode, 4 colors are supported. In the LCD mode, 4 shades of gray are supported. 


Mode 6 
This graphic mode is supported by the BIOS and the display controller. In this mode, each 
pixel is represented by one bit in the video memory. In both CRT and LCD modes, only two 
colors are supported. 





COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


_ 7-4 Video 


7.55 DISPLAY CONTROLLER REGISTERS 


The display controller registers are I/O mapped from 03D0H to O3DFh. The controller 


registers that are I/O mapped are listed below. Only those registers that differ from standard 
practices are detailed. 


/O Address R/W Description 
03D4h W Index 

O3D5h R/W Data 

O3D8h W Mode 

O3D9h WwW Color 

O3DAh R Status 

O3DBh W Reset Light Pen 
O3DCh WwW Set Light Pen 


Index and Data Registers 


The 6845 (internal to the display controller) is addressed as two I/O addresses. One port 
accesses the index register while the other port accesses the data register. Twenty-five registers 
are accessed through the index register. A list of the registers is given in Table 7-1. Where the 
registers are compatible with those of the 6845, no description list is given. 
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Table 7-1. 
Index and Data Registers 

Index Register R/W Description 
O0Oh W Horizontal Total (Characters) 
001h W Horizontal Displayed (Characters) 
002h W Horizontal Sync Position 
003h WwW Not Used (Horizontal Syne Width) 
004h W Vertical Total (Rows) 
005h W Vertical Total Adjust 
O06h W Vertical Displayed 
007h W Vertical Sync Position 
008h W Not Used (Interface Mode) 
009h W Character Height 
OOAh W Cursor Start 
OOBh W Cursor End 
00Ch R/W Display Start Address (High) 
OODh R/W Display Start Address (Low) 
OOEh R/W Cursor Address (High) 
OOFh R/W Cursor Address (Low) 
010h R Light Pen Address (High) 
011h R Light Pen Address (Low) 
OD9h R/W AC Control 
ODAh R/W Threshold 
ODBh R/W shift Parameter 
ODCh R/W Horizontal Syne Width 
ODDh R/W Vertical Sync Width 
ODEh R/W Timing Control 
ODFh R/W Function Control 


COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


=e 7-6 Video 


AC Control Register 


The AC Control register controls the AC signal generation for the LCD display. This register 
is ignored in the CRT mode. This register is set to OXXXXXXXB at power-on reset. 


Enable Programmable AC 
O = Disabled 


1 = Enabled 


Number of Load Pulses AC 
Remains On or Off 





Threshold Register 


The Threshold register defines the threshold between the foreground and background colors. 
This register is set to OOh at power-on reset. 


Gray Scale Bit 
O = Eight Gray Scale 


1 = Four Gray Scale 
Saturation Bit 

O = Modulo-16 arithmetic 

1 = Saturation Limit 
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Shift Parameter Register 


The Shift Parameter defines the amount of shift for the foreground and background colors. 
This register is set to OOh at power-on reset. 





Foreground Shift 


Horizontal Sync Width Register 


The Horizontal Sync Width register defines the width of the HSYNC pulse in terms of dot 
clocks. This register is ignored in the LCD mode. This register is set to a predefined value 
On power-on reset. 





Vertical Control Register 


The Vertical Sync Width register defines the width of the VSYNC pulse in terms of scanlines. 
This register also defines the blinking rate of text characters. The cursor blink rate 1s double 
the rate of the character blink rate. If the blink rate is programmed to “N”, the character is on 
for “N+1” frames and off for “N+1” frames. This register is undefined on power-on reset. 







Blink Rate 
Vertical Sync Width 
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Timing Control Register 


The Timing Control register controls the timing for LCD panels. The Enable Clock bits 

determine the period of the ENABLE CLOCK if one is required for the LCD panel. The 

number of Output Shift clocks required per Enable Clock is reduced by one and programmed ww 
into this field. The Clock Select bit determines which clock input will be used by the controller 

as the clock source. When in CRT mode, this field should be programmed to OOh. When in 

LCD mode, this field should be programmed to 01h. The Character Clock Divider bits 

determine the length of the character clock in units of the master clock. The value is selected 

on the basis of 80-column text and is automatically modified as required for other sub-modes. 

This register 1s set to OOh on power-on reset. 


Gray 
00 = CLKIN/8 
01 = CLKIN/16 
10 = CLKIN/24 


11 = CLKIN/32 


Enable Clock - 1 


Clock Select Bit 
O = CRT mode a 
1 = LCD mode 
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Function Control Register 


The Function Control register controls various functions in the Video Controller. The Decode 
Enable bit enables memory and I/O address decoding. If this bit is set to O1h, all video 
memory and I/O accesses to the 3DXh block are disabled. The Font Enable bit controls access 
to the font RAM. When set to 01h, the font RAM can be accessed by the CPU as the first 8 
Kbytes of the display buffer address space. The Font Select bit controls selection of one of the 
two fonts resident in the Font RAM. The CRT/LCD bit controls selection of the display 
monitor byte. The Alternate Font bit enables alternate font selection by enabling the attribute 
bit AT3. The Inverted Video bit allows inversion of the video outputs. This register is set to 
OOh on power-on reset. 


Inverse Video 

O = Normal video 

1 = Inverse video 
Alternate Font 

O = Intensity 

1 = Alternate font 
Display Enable Blanking 

O = DE blanking 

1 = No DE blankinc 
LCD VSYNC Mode 

O = One line V 


1 = Eight line VSYNC 
CRT/LCD 

O = LCD monitor 

1 = CRT monitor 
Font Select 

O = Font 0 enabled 

1 = Font enabled 


Decode Enable 
O = Access disabled 
1 = Access enabled 
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Mode Control Register 


The Mode Control register selects the current video display mode in conjunction with 
other registers. 


Enable Blink (AT7) 
O = Intensity 
1 = Blink 
High Resolution Graphics 
O = 320 x 200 
1 = 640 x 200 


Video Enable 
O = Blank screen 
1 = Enable video 


Reserved (Color burst) 


Graphics Mode 
O = Text mode 
1 = Graphics mode 


80 Column Text 
0 = 40 x 25 text 
1 = 80 x 25 text 
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7.6 EXTERNAL CGA CONNECTOR 


The COMPAQ LITE series of personal computers support and external CGA monitor. The 
connector is located on the rear panel behind the interface connector cover. Figure 7-1 shows 
wy the external connector and provides a pin out. 





Pin Signal 





Red 
Green 
Blue 
Intensity 





No Connect 
Horizontal Sync 


OO; DOIN! ©! oO] &!} @D!) NI — 


Vertical Sync 
Figure 7-1. External CGA Connector 
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POWER SUPPLIES 


8.1 


INTRODUCTION 


The COMPAQ LTE/286 Personal Computer and COMPAQ LTE Personal Computer run on 
DC power. Power is obtained from any of the following sources: 


Enhanced nickel-cadmium (NiCad) battery 


AC Adapter, which converts AC to DC, powers the system and charges the internal 
battery pack 


Fast Charger AC Adapter, which converts AC to DC, powers the system and charges the 
internal battery pack or recharges a battery pack externally at an accelerated rate 


Automobile Adapter which powers the system and charges the internal battery pack while 
plugged into an automobile cigarette lighter 


If an external power source is being used, the battery is charged “on-line” and is ready to 
Supply power upon any interruption of the external power source. Thus an installed and 
charged battery pack has an uninterruptiable power supply whenever an AC external power 
source 1s used. 


Both AC Adapters have a wide range voltage input feature, to permit operation between 
110 volts and 220/240 volts automatically. 


This chapter discusses the following topics: 


Battery Pack [8.2] 

AC Adapters [8.3] 

Vehicle Adapter [8.4] 
External Storage Module [8.5] 
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8.2 BATTERY PACK 


The battery pack is a multicell 4.8-volt enhanced NiCad battery pack that typically provides 
more than three and one half hours of use per charge. The battery pack is shown in Figure 8-1. 


ad 





Figure 8-1. Battery Pack and Compartment 


/\ CAUTION: Do not open the battery pack for any reason. 
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Table 8-1. 
Battery Pack Electrical Specifications 
Parameter Value Notes 
Open circuit voltage: 4.8V Nominal 
Capacity (minimum): 5.0 Amp-hour 1.0 A discharge rate after full charge 
at 779 F (25 C) 
Discharge rate: 5.0A Maximum 
Charge rate: 
Fast 3.65 A Constant current before reaching full 
Standard 0.625 A+ 10% charge+/- 20%, constant current after reach- 
Trickle 125 mA ing full charge 
Temperature: 
Charge: 140 to 1040 F Fast charge 50° to 104° F 
-10° to 40° F) (10° to 40° C) 
Storage: -40 to 130° F Maximum 
Internal impedance: (-20° to 50° C) 
Cycle life: 50 mOhms Maximum 
500 cycles Minimum (cycle = full charge/ full discharge) 





NOTE: Standard refers to a battery being charged inside the computer by the AC Adapter. 


Charging the Battery 


The battery can be charged by a COMPAQ LTE series AC Adapter, AC Fast Charger or the 
Automobile Adapter. The AC Adapter provides standard charging (at .625 A) and 
trickle-charging (at 125 mA). The Vehicle Adapter provides a standard charging rate at .625 A. 
The charging mechanism is the same for both, and both permit charging to occur whether the 
system is in use or not. The Fast Charger offers a third charging rate, (Fast) for charging the 
battery outside the system unit. 
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8.3 AC ADAPTERS 


There are two AC Adapters which are shown in Figures 8-2 and 8-3, available for the 
COMPAQO LITE series of personal computers: 


wd 
m= COMPAQ LTE AC Adapter 
m@ COMPAQ LTE Fast Charge AC Power Adapter 





Figure 8-2. AC Adapter 





COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 





Technical Reference Guide 8-5 





Figure 8-3. External Fast Charger/AC Adapter 


AC Adapter 


The A/C Adapter provides power to the computer and charges an internal battery pack at both 
the standard rate (0.625 A) and a trickle rate (0.125 A). The Charge rate is automatically 
determined by the A/C Adapter. 


External Fast Charger/AC Adapter 


The Fast Charger provides three functions: 


m@ Fast charges an external battery pack 

@ Provides a deep cycle charge for an external battery pack 

@ Provides power to the computer and standard charges an internal battery pack 

When the Fast Charger has a battery pack installed, it functions as an external battery charger 
until the battery pack is fully charged. Once charged, the Fast Charger switches functions and 


provides power to the computer and standard charges an internal battery pack. The Fast 
Charger will not simultaneously charge an external battery and provide power to the computer. 
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Fast Charge 


The Fast Charge feature allows an external battery pack to be fully charged in approximately 
1-1/2 hours. 


Deep Charge 
Deep cycle Charge is the process of fully discharging a battery pack and then completely 
recharging it. NiCad batteries should have this done periodically to maintain 
peak performance. 


Tables 8-3 and 8-4 provides physical and operating specifications for the AC Adapter and 
AC Fast Charger. 


Table 8-2. 
AC Adapter Specifications 

Unit Sizes: 

Width: 3.0 in ( 7.62 cm) 

Height: 2.0 in ( 5.08 cm) 

Depth: 5.0 in (12.70 cm) 

Weight: 1.0 Ib (.91 kg) 
Input Voltage: 9VDC to 18VDC: 12.6 VDC nominal 
Output Voltage: 5.65VDC nominal at 2.0 A 
Battery Charge: 


Output Current: 


0.625 A 


Output Power: 15.5 Watts continuous 
Temperature: 

Operating: 40°F (5° - 60°C) 

Non-operating: -400 F (-5° - 90° C) 
Humidity: 5% to 95% noncondensing 
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Table 8-3. 

7 Fast Charger/AC Adapter Specifications 
a ee 
Unit Sizes: 

AC Adapter 
Width: 3.0 in (7.62 cm) 
Height: 2.0 in (5.08 cm) 
Depth: 5.0 in ( 12.70 cm) 
Weight: 1 Ib ( .45 kg) 
Power requirements: 90 - 270 VAC 
47-63 Hz (47 - 63 Hz) 
0.6 A at 120 V (max) (0.4 A at 240 V maximum) 
Noise level: dB = less than 10 dBA 
Electrostatic discharge: 15 KV Soft Errors - 25 KV maximum 
Agency compliances: UL, CSA, TUV, FCC, VDE, NEMKO 


Seem nneeeeeee ee er eee eee SS SSS SSS SSS SSS ES 
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Table 8-4. 


Fast Charger /AC Adapter Specifications 





Unit Sizes: 
Width: 
Height: 
Depth: 

Weight: 


3.0 in (7.62 cm) 
2.0 in (5.08 cm) 
8.0 in (20.32 cm) 
1.75 Ib (.79 kg) 


90 - 270 VAC 


Power requirements: 


Noise level: 
Electrostatic discharge: 
Agency compliances: 
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47-63Hz (47 - 63 Hz) 
1.0 V (max) (0.4 A at 240 V maximum) 


dB = less than 10 dBA 
15 KV Soft Errors - 25 KV maximum 
UL, CSA, TUV, FCC, VDE, NEMKO, IEC380 
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8.4 VEHICLE ADAPTER 


The Vehicle Adapter plugs into the cigarette lighter socket of an automobile providing power to 
w the computer and fully recharging the internal battery pack in 8 to 10 hours. 






I 


\\ 
SS) 


(EEE. 


RSs 


Figure 8-4. Vehicle Adapter 
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Table 8-5. 
Vehicle Adapter Specifications > 

Unit Sizes: 

Width: 3.0 in ( 7.62 cm) 

Height: 2.0 in ( 5.08 cm) 

Depth: 5.0 in (12.70 cm) 

Weight: 1.0 Ib (.91 kg) 
Input Voltage: 9VDC to 18VDC: 12.6 VDC nominal 
Output Voltage: 5.65VDC nominal at 2.0 A 
Battery Charge: 

Output Current: 0.625A 

Output Power: 15.5 Watts continuous 
Temperature: 

Operating: 40°F (5° - 60° C) 

Non-operating: -400 F (-50 - 900 C) 
Humidity: 5% to 95% noncondensing 

ww 
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8.5 EXTERNAL STORAGE MODULE 


The External Storage Module contains its own power supply featuring a wide range 
= A/C input. Since the external storage module runs on A/C power, no power conservation 
features are required. 





Table 8-6. 
External Storage Module Power Supply Specifications 
Input Voltage: 9VDC to 18VDC: 12.6 VDC nominal 
Output Voltage: 5.65VDC nominal at 2.0 A 
See ea een Pa RR kN 
Battery Charge: 
Output Current: 50.625 A 
Output Power 15.5 Watts continuous 
Temperature: 
Operating: 40°- 104°9F (5° - 400°C) 
Nonoperating: -400 - 1400 F (-50 - 600 C) 
Humidity: 9% to 95% noncondensing 
R Agency compliances: UL, CSA, TUV, FCC, VDE, NEMKO, IEC380 
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BIOS 


9.1 


INTRODUCTION 


The basic input/output system-BIOS-of a computer is the collection of read-only 
machine-language programs which control the most fundamental processes or functions of 
the system, such as: 


m@ Execution of power-on self-tests 
@ Initialization of the system 


m™ Interaction with the display, diskette and fixed disk drives, communications devices, and 
peripheral devices 


The system ROM of the COMPAQ LTE family of Personal Computers also supports various 
Power Conservation features. 


Since this chapter covers two personal computers with different processors (80C86 and 
80C286), the term “processor” will be used as a general description. When differences do exist 
between the BIOS functions in each system, they will be described separately. 


The BIOS for the COMPAQ LTE/286 and LTE Personal Computers resides in a pair of 
ROMs installed on the system board. Even-numbered addresses are mapped to one ROM, 
odd-numbered addresses to the other. The ROM is mapped between the addresses 

shown below: 


LTE/286 LTE 
OFOOOOh F8000h - FFFFFh 
FFOOOON FOOOOh - F7FFFh 


Fundamentals of Interrupt Service Calls 


BIOS functions are accessed by the processor interrupt (INT) instruction. This is a software 
interrupt, or service call, requesting that a certain function be performed. For example, when 
the processor encounters the instruction INT 10h (video I/O), it invokes the program or routine 
in the BIOS memory that controls the video functions. 
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Before the INT instruction can be used, the registers must be set up with the values assigned to 
the function desired. The formats for the register values are described at each function. The 
values in the processor register after the function call (INT) also depend upon the function. To 
prevent major software problems, routines interfacing to higher level language programs (such 
as BASIC, Pascal, or Prolog) that use service calls must be written to ensure that when a 
function is complete, the register values are returned to the pre-service call state. 





When operating in Real mode, the system stores a software interrupt vector table in RAM, 
Starting at address 0000:0000 (segment:offset). 


A vector is a pointer to another location. For example, memory locations 40h..43h contain a 
vector to the video interrupt service routine; when INT 10h (video I/O) is called, the processor 
looks to memory locations 40h..43h for the address of that routine. In Protected mode, 
(LTE/286) the vector table can begin anywhere in physical memory as defined by the IDT 
(Interrupt Descriptor Table) base register in the 80C286. 


Interrupts caused by hardware devices also have service routines in memory. The vectors for 
these interrupts are included in the interrupt memory location tables in this chapter. 


Some interrupt calls have more than one function available, requiring some method of 
specifying which function is desired. This information is provided by loading the AH register 
with the number of the desired function before the INT instruction is issued. 





In some cases, more than one parameter (value) must be loaded into the registers before the 
INT instruction is issued. Before using a software INT instruction, always ensure that all 
registers are properly set. 


All register contents, except for those of the AX register and any other register specifically 
mentioned in the corresponding INT section, are preserved when the interrupt service calls 
return to the calling program. 


BIOS Initialization 


When the processor is reset, execution begins at address FFFFFOh for the LTE/286 or FFFFOh 
for the LTE, which is located in the systems BIOS ROM. Processor reset always occurs when 
the computer is turned on (a “cold start”). It can also be initiated by holding down the CTRL 
and ALT keys, then pressing the DEL key (a “warm boot”). Finally, processor reset can occur 
under program control, usually to resume program execution in Real mode. 


Power-on functions performed by the BIOS consist of device initialization, diagnostic tests, 
configuration sensing and verification, and bootstrapping from either the diskette drive or the 
fixed disk drive. 
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Normal Reset 
Normal reset begins by initializing the programmable devices on the system board, turning off 
ww the diskette drive motors, and programming the video display controllers. The first 128 Kbytes 
of RAM, the minimum amount that must be operational for the system to proceed, are then 
tested. If this minimum amount ts found to be faulty, the message “XXO00B YYZZ 201 — 
Memory Error” is displayed. (For an explanation of error messages, see Appendix A, “Error 
Messages and Codes.’) 


After the first 128 Kbytes of memory are tested, a BIOS stack (SS:SP) is established and the 
BIOS RAM is initialized. Next, devices on the system and I/O boards are tested; any errors are 
reported to the active display, including the remaining Base and Extended memory. Once all 
system memory is tested, interrupts are enabled. 


The Timer-Ticks-Since-Midnight counter in RAM at 0040:006C is initialized based on the time 
contained in the real-time clock (RTC). The keyboard, diskette drive, and fixed disk drive and 
their respective controllers are then initialized and tested. 


In preparation for operating the LTE/286 in an environment compatible with 8088/8086-based 
hardware, the A20 gate is disabled, enabling 20-bit address wraparound, and the processor 
speed is set according to a user-selectable value programmed in CMOS and configurable 


Housekeeping functions are then performed: checking the configuration memory for 
discrepancies, clearing the Reset Word, and beeping the speaker according to current processor 
speed: two beeps for the default speed and one beep for the slower speed. 


Before the LTE/286 system is bootstrapped, hardware interrupts IRQ1 (for the keyboard) and 
IRQ9 are also enabled. Control then transfers to INT 19h, the system bootstrap. 


Software Reset 


Because the processor can be reset for a variety of software-related reasons, a byte in the 
configuration memory has been set aside to record a “reset code.” This code 1s loaded 
immediately before the keyboard controller is requested to issue a system reset command and is 
examined afterwards to tell the BIOS what operation was in effect before the reset. When a 
vector is needed for a return address or a pointer to a saved environment, the reset vector 

is used. 
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The LTE/286 has several reset codes which have been set aside for use when system software 
needs to switch from Protected mode to Real mode. These are listed in Table 9-1. 


Table 9-1. 
Reset Codes for Switching from Protected Mode to Real Mode (LTE/286) 


Code Function 

OOh Normal Reset 

04h Reset with Boot Request 
O5h Return with EOI (see note) 
O9h Return from Block Move 
OAh Return without EOI 


Reset Vector (0040:0067) 
Reserved 

Reserved 

Return address (CD:IP) 


Pointer to stack frame (SS:SP) (used 
internally by BIOS INT 15h, 


AH = 87h)Return address (CD:IP) 


NOTE: EOI = End of interrupt code sent to the Interrupt Controller 


Other reset codes reserved by the BIOS should not be used. On return to the destination 
environment, the stack segment (SS) and stack pointer (SP) registers point to an area in BIOS 
RAM for all reset codes except for code 09h, Return from Block Move. This function uses the 
reset vector at 0040:0067 as a save area for SS:SP, a stack-frame pointer. The stack frame 
Stores the 80286 registers in the following order, beginning at offset +O00h (top of stack): DS, 
ES, DI, SI, BP, SP, BX, DX, CX, AX, IP, CS, and flags. 
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BIOS INTERRUPTS SUMMARY 


This section summarizes the interrupt calls used for each system function and the memory 
locations used by the BIOS for those functions. 


The interrupts are grouped by function and are presented in this chapter in alphabetical order; 
bracketed numbers indicate the section in which a topic is discussed: 


Asynchronous communications [9.3] & Processor [9.10] 
Coprocessor [9.4 System [9.11] 
Diskette drive [9.5] 

Fixed disk drive [9.6] 


Keyboard [9.7] 


Tick counter/real—time clock [9.12] 
Video [9.13] 

Miscellaneous Interrupts [9.14] 
Special BIOS ROM Locations [9.15] 


Power Conservation [9.8] 
Printer [9.9] 


Within each functional set of interrupts, individual interrupts are listed in ascending order by 
hex number. 


Interrupts are classified into four categories according to their sources: software (SW), central 
processing unit (CPU), hardware (HW), and pointer (PTR). 


SW interrupts are issued by application programs or system software; interrupt service routines 
are provided by the BIOS ROM or other user-supplied system software. These interrupts form a 
standardized interface among applications programs, system software, and BIOS firmware. 


CPU interrupts are initiated by the processor or the 80287 coprocessor (LTE/286) as a result of 
a processing exception; for example, executing an invalid opcode causes an INT O6h. 


HW interrupts are initiated by device signals on the processors NonMaskable Interrupt (NMI) 
or Interrupt (INTR) pins. Signals on the INTR pin are arbitrated by the interrupt controllers. An 
interrupt-acknowledge cycle by the processor requests the active interrupt controller to place 
the actual interrupt number on the bus. 


PTR interrupts are not used to transfer program control; they are 4-byte pointers in low address 
memory, named for the interrupt-vector location they occupy. These pointers typically point to 
video, diskette drive, or fixed disk drive controller parameters, character dot-pattern tables, or 
tables of other pointers. 


In the discussion of individual interrupts, each will be introduced by a header indicating the hex 
number of the interrupt, its category, its function(s), and [in brackets] the RAM location at 
which its vector is stored, as in the following example: 
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INT 15h —- SW - BIOS EXTENSION [0000:0054] 


Subsets of an interrupt are introduced by a header indicating the hex number, the input values, 
and the interrupt function, as in the following example: 


INT 15h, AH = 40h, AL = 00h - READ LCD TIME-OUT 


Information provided for an interrupt depends on whether it is associated with a register. 
Register-associated interrupt descriptions will include INPUT and OUTPUT and relevant bit 
maps, if any. Descriptions of interrupts not associated with registers include ROM ENTRY and 
ROM ACTION. 


Table 9-2 summarizes all the BIOS interrupts in ascending order by hex number. When an 
interrupt 1s specifically intended for either the LTE/286 or the LTE, it will be noted. Where two 
interrupts share a single address, both are listed at the appropriate hex number. All the interrupt 
vectors listed take 4 bytes. 


In addition to the section of RAM used for the interrupt vectors, the system BIOS uses another 
section of RAM for status information and buffers for data transfers and other operations. 
These addresses are shown in Table 9-3. 





COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 





RAM 
OOh 
O1h 
O2h 
O3h 
04h 


O5Sh 


O6h 
O7h 


O8h 


O9h 


OAh 


OBh 


OCh 


ODh 


OEh 
OFh 
10h 


Table 9-2. 


BIOS Interrupts Summary (all take 4 bytes) 


Type 


CPU 
CPU 
HW 

CPU 
CPU 


OW 
CPU 


CPU 
CPU 


CPU 
HW 


CPU 
HW 


CPU 
HW 


CPU 
HW 


CPU 
HW 


CPU 
HW 


HW 
HW 
OW 


Function 

Divide by Zero 

Single Step 

Non-maskable Interrupt (NMI) 
Software Breakpoint 


Arithmetic Overflow 


Print Screen 
Bound Exceeded 


Reserved 
Reserved 


Double Exception Error 
IRQO, Tick Counter 


80287 Segment Overrun 
IRQ1, Keyboard 


Invalid TSS 
IRQ2 (Controller 2-LTE/286, 
Power Management-LTE) 


Segment Not Present 
IRQ3, Comm, Secondary 


Stack Segment Overflow 
IRQ4, Comm, Primary 


General Protection 
IRQ5 (Secondary Parallel Printer-LTE/286, 
Fixed Disk Drive-LTE 


IRQ6, Diskette 
IRQ7, Printer, Primary 
Video I/O 
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RAM Location 


Address 

0000:0000 
0000:0004 
0000:0008 
0000:000C 
0000:0010 


0000:0014 


0000:0018 
0000:001C 


0000:0020 


0000:0024 


0000:0028 


0000:002C 


0000:0030 


0000:0034 


0000:0038 
0000:003C 
0000:0040 


Continued 
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BIOS 


Table 9-2. 


RAM 
11h 
12h 
13h 
14h 
15h 
16h 
17h 
18h 
19h 
1Ah 
1Bh 
1Ch 
1Dh 
1Eh 
1Fh 
40h 
4th 
46h 
4An 
70h 
71h 
72h 
73h 
74h 
75h 
76h 
77h 


Continued 


Type 
SW 
SW 
SW 
SW 
SW 
SW 
SW 
SW 
SW 
SW 
SW 
SW 
PTR 
PTR 
PTR 
SW 
PTR 
PTR 
SW 
HW 
HW 
HW 
HW 
HW 
HW 
HW 
HW 
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Function 

Configuration 

Base Memory Size 

Diskette Drive |/O 
Communications I/O 

BIOS Extension 

Keyboard I/O 

Printer |/O 

Boot Fail 

Bootstrap 

Tick Counter/RTC 

Control—Break Service 

Tick Counter Service 

Video Controller Board Parameters 
Diskette Drive Parameter Table 
External Graphics Character Set 
Diskette Drive I/O 

Fixed Disk Drive 1 Parameters 
Fixed Disk Drive 2 Parameters 
RTC Alarm Service 

IRQ8, Real-Time Clock (LTE/286) 
IRQ9, Chain to IRQ2 

IRQ10, (Reserved) 

IRQ11, (Reserved) 

IRQ12, (Reserved) 

IRQ13, 80C287/80287 Error 
IRQ14, Fixed Disk Drive (LTE/286) 


IRQ15, Power Management (LTE/286) 


RAM Location 


Address 
0000:0044 
0000:0048 
0000:004C 
000:0050 
0000:0054 
0000:0058 
0000:005C 
0000:0060 
0000:0064 
0000:0068 
0000:006C 
0000:0070 
0000:0074 
0000:0078 
0000:007C 
0000:0100 
0000:0104 
0000:0118 
0000:0128 
0000:01C0 
0000:01C4 
0000:01C8 
0000:01CC 
0000:01D0 
0000:01D4 
0000:01D8 
0000:01DC 
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RAM Locations Used by the BIOS for Status, Buffers, and Other Information 


Address 
0040:0000 
0040:0002 
0040:0004 
0040:0006 
0040:0008 
0040:000A 
0040:000C 
0040:000E 
0040:0010 
0040:0012 
0040:0013 
0040:0015 
0040:0016 
0040:0017 
0040:0019 
0040:001A 
0040:001C 
0040:001E 
0040:003E 
0040:003F 
0040:0040 
0040:0041 
0040:0042 
0040:0049 
0040:004A 
0040:004C 
0040:004E 
0040:0050 
0040:0060 


Bytes 


PM }h |] | ts |As* (DM Ast TD [NM TM TM TM TM [NM TM [PM 


GC 
NO 


ND 1h TN Fs | NY fs fs | ef 


nN | — 
oO) 


Function 

Base Address of Comm Port 0 (COM1) 
Base Address of Comm Port 1 (COM2) 
Base Address of Comm Port 2 

Base Address of Comm Port 3 

Base Address of Printer Port 0 (LPT1) 
Base Address of Printer Port 1 (LPT2) 
Base Address of Printer Port 2 (LPTS3) 
Base Address of Printer Port 3 (LPT4) 
Equipment Status 

Used by Power-On Diagnostics 

Base Memory Size in Kbytes 

Previous Scan Code 

Number of click cycles (LTE/286) (Reserved LTE) 
Keyboard Bit Status 

Accumulator for ALT Key Input 

Keyboard Buffer Pointer — Head 
Keyboard Buffer Pointer — Tail 

Keyboard Type-Ahead Buffer — 16 Entries 
Diskette Drive Recalibration Status 

Motor Status 

Motor Off TIME-OUT Counter 

Diskette Drive Last Operation Status 
Diskette Drive Controller Status 

Video mode 

Number of Columns on Screen 

Length of Screen Memory Bytes 

Starting Address for Screen Memory 
Cursor Save Area for Each Page (8 Entries) 
Cursor Mode (Start and End Scan Line) 


Continued 
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Table 9-3. Continued 


Address Bytes 


0040:0062 
0040:0063 
0040:0065 
0040:0066 
0040:0067 
0040:0067 
0040:0068 
0040:0069 
0040:006A 
0040:006B 
0040:006C 
0040:0070 
0040:0071 

0040:0072 
0040:0074 
0040:0075 
0040:0076 


0040:0077 


yy | — | —- | —- | A] — 


—_ j= | A | AP] =| | =~ | Bl] — 


as 


0040:0078 
0040:0079 
0040:007A 
0040:007B 
0040:007C 
0040:007D 
0040:007E 
0040:007F 
0040:0080 
0040:0080 
0040:0081 

0040:0084 


— | ~J | Nh 1h | —- | —-s | sw | | ae] ae eet Ce 
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Function 
Current Page 


Base Address of Active Video Adapter Board 


Current mode 

Current Color 

Equipment status back up byte (LTE) 
Reset Vector (LTE/286) 

Reserved (LTE) 

Previous Scan Code (LTE) 

Number of Click Cycles (LTE) 
Interrupt Occurred Flag 

Timer Ticks Since Midnight 
Timer-Rolled -Over Flag 

Break Bit < 7 > 

Reset Word 

Fixed Disk Drive Status of Last Operation 
Number of Fixed Disk Drives 

Fixed Disk Drive control Byte 


Display TIME-OUT value (LTE/286) 
Controller \/O Offset (LTE) 


TIME-OUT for Printer Port 0 (LPT 1) 
TIME-OUT for Printer Port 1 (LPT2) 
TIME-OUT for Printer Port 2 (LPT3) 
TIME-OUT for Printer Port 3 
TIME-OUT for Comm Port 0 (COM1) 
TIME-OUT for Comm Port 1 (COM2) 
TIME-OUT for Comm Port 2 
TIME-OUT for Comm Port 3 
Keyboard Buffer Begin 

Keyboard Buffer End 

Reserved 


Number of Display Minus 1 Row 


Continued 
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Table 9-3. Continued 


























Address Bytes Function 

0040:0085 2 Number of Display Bytes per Character 

0040:0087 1 Miscellaneous Video Information 

0040:0088 1 Video Configuration 

0040:0089 1 Reserved 

0040:008A 1 Reserved 

0040:008B 1 Last Data Rate Selected 

0040:008C Fixed Disk Drive Status Registered, Last Operation 


0040:008D 
0040:008E 
0040:008F Diskette Drive Indicator 


1 
1 Fixed Disk Drive Error Registered, Last Operation 
1 
1 
0040:0090 1 Drive 0(A) Media State 
1 
1 
1 
1 
1 


Interrupt Occurred Flag 


0040:0091 Drive 1(B) Media State 

0040:0092 Drive 0(A) Operation Start State 

0040:0093 Drive 1(B) Operation Start State 

0040:008B Last Data Rate Selected 

0040:008C Fixed Disk Drive Status Registered, Last Operation 




















0040:008D 1 Fixed Disk Drive Error Registered, Last Operation 
0040:008E 1 Interrupt Occurred Flag 

0040:008F 1 Diskette Drive Indicator 

0040:0090 1 Drive 0(A) Media State 

0040:0091 1 Drive 1(B) Media State 

0040:0092 1 Drive 0(A) Operation Start State 
0040:0093 1 Drive 1(B) Operation Start State 
0040:0094 1 Drive O(A) Current Track 

0040:0095 1 Drive 1(B) Current Track 

0040:0096 1 Enhanced Keyboard Flags 

0040:0097 1 Keyboard LED Flags 

0040:0098 4 Pointer to Caller’s Wait Flag (LTE/286) 
0040:009C 4 Wait Count (32-Bit) (LTE/286) 
0040:00A0 1 Wait Active Flag (LTE/286) 

0040:00A1 95 Reserved 

0040:0100 1 Print Screen Status 


a 
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9.3 SERIAL COMMUNICATIONS 
INTERRUPTS 


The interrupts for asynchronous communications provide a simplified interface to the serial 
ports. Functions are provided for initializing a serial port, transmitting characters, receiving 
characters, and reading status. 


There are two device-oriented interrupts, IRQ3 (INT OBh) and IRQ4 (INT OCh), and a primary 
and a secondary port. The association of an interrupt with a specific port is user-selectable 
through the SETUP program. 





BIOS provides asynchronous communication support through software interrupt 14h. The BIOS 
does not use hardware interrupts IRQ3 and IRQ4. 


During power-on, the BIOS searches for asynchronous communication ports at two standard 
port locations: 3F8h and 2F8h. When a serial port is found, its base address is placed in the 
BIOS memory, beginning at 0040:0000. Therefore, when programming a serial port, use the 
address extracted from the table in BIOS memory rather than a hard-coded address. 


The BIOS provides a serial-port TIME-OUT function whose length is programmable by the 

user. A 4-byte table in BIOS memory beginning at 0040:007C is reserved for setting the 

TIME-OUT values for each serial port. These TIME-OUT values are initialized to 1 during 

power-on and can be set to a maximum of 255. Each increment is approximately 900 ms. =a 


Table 9-4 lists the BIOS asynchronous communications interrupts and memory locations used. 
The COMPAQ LTE Personal Computer has two communications ports. However, RAM 
support for four ports remains. 
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Table 9-4. 
we Asynchronous Communications Interrupts and Memory Locations 

Memory 

Interrupt Type Location Bytes Function 

INT OBh HW 0000:002C 4 IRQ3, Comm 

INT OCh HW 0000:0030 4 IRQ4, Comm 

INT 14h SW 0000:0050 4 Asynchronous Communications 
0040:0000 2 Base Address of Comm Port 0 
0040:0002 2 Base Address of Comm Port 1 
0040:0004 2 Base Address of Comm Port 2 
0040:0006 2 Base Address of Comm Port 3 
0040:0071 1 Break bit 
0040:007C 1 TIME-OUT for Comm Port 0 
0040:007D 1 TIME-OUT for Comm Port 1 
0040:007E 1 TIME-OUT for Comm Port 2 
0040:007F 1 TIME-OUT for Comm Port 3 





INT OBh — HW — IRQ3, Comm, Secondary 


INT OBh is not used by the BIOS. The vector for this interrupt can be changed to intercept 
interrupts from an optional secondary communications interface. 


ROM ENTRY: Points to a dummy interrupt return 
ROM ACTION: Control returns to the calling program 


INT 0Ch —- HW —- IRQ4, Comm, Primary; 
INT OCh is not used by the BIOS. The vector for this interrupt can be changed to intercept 
interrupts from an optional primary communications interface. 


ROM ENTRY: Points to a dummy interrupt return 
ROM ACTION: Control returns to the calling program 
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INT 14h — SW — Communications I/O [0000:0050] 
INT 14h is called to perform all functions related to I/O on the RS-232-C serial ports. 


ROM ENTRY: Points to Communications I/O ROM entry point = 


ROM ACTION: Upon entry, control is transferred to one of four routines (listed below) 
based on the function code in register AH. Illegal function codes cause control to simply return 
to the calling program. All registers except those returning a value are preserved. The table 
below gives the function summary of Communications I/O (INT 14h). 


Register AH Function 

OOh Initialize Port 

O1h Transmit Character 
O2h Receive Character 
03h Sense Status 

04h Extended 


Interrupts remain enabled. The interrupt mask for the communication interrupts and the control 
port for the asynchronous serial communications interrupts are not affected. These functions ww 
and their related parameters are described as follows . 
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INT 14h, AH = 00h — Initialize Port 


INT 14h, AH = 00h specifies the word length, number of stop bits, type of parity, and baud 
rates for the specified port. 
















































Cy 
INPUT: AH = OOh 
AL = Port Configuration 
000 = 110 Baud 020=300Baud 100=1200 Baud 110 = 4800 Baud 
001 =150 Baud 011=600Baud 101=2400Baud 111 = 9600 Baud 
43 
00 = None 10 = Reserved 
01 = Odd 11 = Even 
Stop Bits 
O = 1 bit 
1 =2 bits 
1,0 | Word length 
OO = Reserved 10 = 7 bits 
O01 = Reserved 11 = 8 bits 
Cy 


DX = Communications Port Select (0..3) 
OUTPUT: None 


Even though the BIOS supports four communication ports, the initialization supports only ports 
0 and 1. To use ports 2 and 3, the user must install the base addresses of the communication 
ports in memory locations 0040:0004 and 0040:0006. 
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INT 14h, AH = 01h — Transmit Character 
INT 14h, AH = Oth outputs a character to the specified serial communication port. 


INPUT: AH = Oth - 
AL = Character to be transmitted (OOh..FFh) 
DX = Communications port select (0..3) 


OUTPUT: AH = Line Status Register 





TIME-OUT 
TX Shift Register Empty 


TX Holding Register Empty 
RX Break ee 


es 
ss 
4 
(3_|_AXFraming Eror 
2_|_ AX Parity Error 
1 [RX Overrun Evor 


RX Data Ready 


OUTPUT: AL = Character 





ering cater 
(5 __ | Data-SetReady 
4] ClearteSend 
3] Delta RX Line Signal Detect 
2] Trailing Edge Ring Indicator — 
| 1 | DeltaData-SetReady 


Delta Clear-to-Send 





ee a ee ee a ee ae ee a ee 
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INT 14h, AH = 02h — Receive Character 
INT 14h, AH = 02h reads the specified serial port receiver buffer and places the character value 
and universal asynchronous receiver/transmitter line status in the output registers. 





wy 
INPUT: AH = 02h 
DX = Communications Port Select (0..3) 
OUTPUT: AH = Line Status register 
AL = Character Received, If no error. 
= OOh, if error occurred 
3 
3 
2 
~ 0 AXData Ready 










ee ee ee ee ee ee ee ee ee ee ww ee we 


6 | Aingindicator 
S| Data SetReady 
a | Clearcto-Send 
2 [Trailing Edge Ring indioator 


0 Delta Clear-to-Send 
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INT 14h, AH = 03h — Sense Communications Status 
INT 14h, AH = 03h reads the specified serial port modem and line status values and places 
these values in the output registers. 


INPUT: AH = 03h 
DX = Communications port select (0..3) 


OUTPUT: AH = Line Status 









= 
| 4 | RXBreakDetect 
3 | RX Framing Error 
2 | AXParity Error 
—1- | RX Overrun Error 


RX Data Ready 















6] Ring indicator 
5] DataSet Ready 
4] Glearto-Send 
3] Delta RX Line Signal Detect 
a 

ak 


Trailing Edge Ring Indicator 


1 Delta Data-Set Read 
0” Delta Clear-to-Send 
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9.4 LTE/286 COPROCESSOR 
INTERRUPTS 


The LTE/286 BIOS provides two areas of basic support for the 80C287 coprocessor. 


wy 
BIOS checks for the presence of the 80C287 during the system initialization process; when 
present, the BIOS sets the appropriate bits in the machine status word in the 80C286 processor. 
The BIOS transfers INT 75h (IRQ13, 80C287 Error) to INT 02h for compatibility with 
software written for 8088/8086-based products; after initialization, coprocessor interrupts 
INT 07h (80C287) and INT 09h (80C287 or 80C287 Segment Overrun) are normally supported 
by system software (DOS) and are not handled by the BIOS. 
Table 9-5 lists the coprocessor interrupts and memory locations. 
Table 9-5. 
Coprocessor Interrupts and Memory Locations 
Memory 
Interrupt Type Function Location Bytes 
07h CPU 80C287/80C287 Not present 0000:001C 4 
ww O9h CPU 80C287/80C287 Segment overrun 0000:0024 4 
75h HW IRQ13, 80C287 error 0000:01D4 4 


INT 07h — CPU — 80C287 Not Present (0000:001C] 


INT O7h is initiated by the 80286 when the execution of an 80C287 instruction is attempted 
with the Emulation Mode (EM) bit of the machine status word set (80C287 coprocessor 
not present). 


ROM ENTRY: Points to a dummy interrupt return 
ROM ACTION: None 
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INT 09h — CPU — 80C287 Segment Overrun — HW — IRQ1, Keyboard [0000:0024] 
INT 09h normally handles the keyboard hardware interrupts from IRQ1. In Protected mode, 
however, the 80C286 issues INT 09h when an 80C287 Segment Overrun exception is detected. 





Operating system software running in Protected mode can readily relocate hardware interrupts 
IRQO through IRQ7 to another block of eight interrupt vectors to avoid conflict (see INT 15h, 
AH = 89h). 


INT 75h — HW -—- IRQ13, 80C287 Error [(0000:01D4] 


INT 75h occurs when there is an unmasked error condition on the 80C287 coprocessor. This 
error can be caused by arithmetic overflow or underflow operations, by division-by-zero 
operations, or by the loading of invalid numbers. This vector can be changed by system 
software or an applications program to point to a user-supplied routine that notifies applications 
software of floating-point number computation exceptions. 


ROM ENTRY: Points to INT 75h handler 


ROM ACTION: BIOS performs an End of Interrupt (EOI) sequence on Interrupt Controller 1 

(master), outputs an OOh to port FOh to clear the 80C287 BUSY signal, then invokes the 

INT 02h (Non-Maskable Interrupt) handler to provide compatibility with 8088-8086-based 

software. J 
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9.5 DISKETTE DRIVE 


INTERRUPTS 

All communication between the user and the diskette drive is via a single ROM call (INT 13h). 
ed The user can perform any of the following functions: 

m@ Read status m™ Reset diskette drive 

m Read sectors = Write sectors 

@ Verify sectors @ Format a track 

@ Get drive parameters @ Get drive type 

M@ Get change line status @ Set drive and media types for format 


The diskette drive BIOS uses INT OEh (IRQ6) and DMA Channel 2 of the system. There are 
six possible combinations of diskette drives and diskettes that can be used together. The BIOS 
must be able to determine the combination being used in order to supply the appropriate 
parameters. The parameters for each combination are stored in a table referred to as the DDPT 
(Diskette Drive Parameter Table) vectored at INT 1Eh. This table is given at the discussion of 
INT 1Eh later in this section. 


a COMMON OPERATIONS 


Determining Media 


On entry to the diskette drive routines that access the diskette (read/write/verify/format), a 
check is made of the media state for the target diskette drive. If the media state is established, 
processing continues normally. If the media state is not established, a process internal to the 
BIOS determines the type of media installed. References to TPI (tracks per inch) are as 
follows: 


@ 5 1/4-inch 360-Kbyte diskette drives (48-TPI) 
m 5 1/4-inch 1.2-megabyte diskette drives (96-TPI) 
@ 3 1/2-inch diskette drives (135-TPI). 


Table 9-6 lists a description of the diskette drive settings for 360-Kbyte,1.2-megabyte, and 
1.44-megabyte diskette drives. These drive settings are stored in CMOS. 
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Table 9-6. 

Diskette Drive Settings a 
Drive Setting Description 
0 No Drive Present 
1 5.25-in 360-KB 
2 5.25-in 1.2-MB 
3 3.5-in 720-KB 
4 3.5-in 1.44-MB 


Diskette Change 


DISKETTE CHANGE- is a status signal from the 720-Kbyte, 1.2 megabyte and 1.44-megabyte 
diskette drives that indicates when the drive latch has been opened. This signal is not used on 
double-density diskette drives, which use only 5 1/4-inch 360-Kbyte media. 


Whenever an access of the diskette drive for read, write, verify, or format is requested by a 

BIOS interrupt, the BIOS checks the DISKETTE CHANGE- signal status (see INT 13h, 

AH = 16h). If the DISKETTE CHANGE- signal is active (door has been opened), the BIOS ww 
checks to see whether the door is still open. 


The media state for the drive (0040:0090 or 0040:0091) is set to “unestablished,” whenever the 
drive door is opened. If the change line is found active, the “media established” bit in RAM 
location 0040:0090 or 0040:0091 is cleared. With the next diskette access, the system 
determines the type of media installed. 


Formatting a Diskette 


To format a high-density (1.2- or 1.44-megabyte) diskette properly, first make a Set Media 
Type for Format (INT 13h, AH = 18h). This function sets the media state for the diskette drive 
to “established”. If this function call is not made, the format of the diskette is based upon the 
current media state (established or not) of the diskette drive. 


To format a 3 1/2-inch diskette for 1.44 megabytes of capacity in a 1.44-megabyte diskette 
drive requires a high-density 3 1/2-inch diskette. 
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Diskette Drive Interrupts 


Table 9-7 lists the BIOS diskette drive interrupts and memory locations used. 














Table 9-7. 
Diskette Drive Interrupts and Memory Locations 

Memory 

Interrupt Type Location Bytes Function 

OEh HW 0000:0038 4 IRQ6, Diskette Drive Interrupt 
13h SW 0000:004C 4 Diskette Drive I/O 

1Eh PTR 0000:0078 4 Diskette Drive Parameter Table 
40h SW 0000:0100 4 Diskette Drive |/O 

0040:003E 1 Drive Recalibration Status (see bit map 
following this table) 

0040:0041 1 Diskette Drive Last Operation Status 

0040:0042 7 Drive Controller Status 

0040:008F 1 Drive Information (see bit map 
following this table) 

0040:0090 1 Drive 0 (A) Media State Byte (see bit map 
following this table) 

0040:0091 1 Drive 1 (B) Media State Byte (Same 
values as 0040:0090 above; see bit map 
following this table) 

0040:0092 1 Drive 0 (A) Operation Start State 

0040:0093 1 Drive 1 (B) Operation Start State 
(The Operation Start State is the starting 
media state when a diskette drive 
operation begins) 

0040:0094 1 Drive 0 (A) Current Track Bytes 

0040:0095 1 Drive 1 (B) Current Track Bytes 
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The following bit map shows the format of the drive recalibration status byte defined in 
memory location 0040:003E. 


‘sea Occurred Flag 


Drive Needing Calibraton 
0001=1 0100=3 
0010=2 1000=4 





The following bit map shows the format of the drive recalibration status byte defined in 
memory location 0040:008F. 











Reserved 


Multidata Rate Capability Determined 
Multidata Format Capability 
= Track Capability 


a 


Multidata Rate Capability Determined 
Multidata Format Capability 


80-Track Capability 










i LL cL 
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The following bit map shows the format of the diskette drive media state byte defined in 
memory locations 0040:0090 or 0040:0091. 








rr: Pee wad Oo ©} 6 ee mee ee eee ee ee ee ee Se eC eS RS RO aR a a a Le a 
ROS 6 SO 48 ERT CO OOS I MSO 8 1585 OS OLE. OS LO 0 C8, fee E 8 Lele) OF 8:87 RAN WG (6 SEG! OL Ow, JO NO 8, 0 DG, 8 #80! 6 4, Oa dros Oc ww nO G8 aie ei erie Ge) di tee, 8 oie iw ie: 88a Tes 88S, lene ee Leite. 8) er BGT WTO CO OT ORT Re Oe Oe Ere RB a a ON aT eee eee eee eT a ee Ce EE IEE 
es ea |UD Pe De OO WR a 
MOE ITT ce SETI NS, A MO AUS col APE ER ER 5 Get i a DE a IO ca ee Di eR TR TA er SOM eS a TA aS eR TT WR TO aR RE De Rr ac i 2 Te a 

Re eaten ee Boa Se ee ae ee ig eee RENN Oe SIS PERE W 0) OO Oy 0 167 R SS (882.8) 0118: BOLO S G8) OKO ORS. BRAG Me ees Sel deh Otel IOL Te, ce 9 AOE Whe. Gilt ariel: 8, (0: Melia teh sie ei (esi i Ws Ori Gt BS Sattar Be) wk, UO) WS CD ies Os TO im eas OS UTS eB eat Gs Bikes FOO tole OR ce, PS TRL Ce het eee Oe One eae ONES CoE ee ae ee ee OE en EM OS 









00 = 500 KB/s 10 = 250 KB/s 


01 = 300 KB/s 11 = Reserved 


| 5 | Double-Step Required (360-Kbyte media in 1.2-MB drive) 





Media/Drive Established 











Media/Drive 
0000 = 48-TPI/360-KB (unest.) 0101 = 98-TPI/1.2-MB (est.) 
0001 = 48-TPI/1.2-MB (unest.) 0110 = Reserved 

0010 = 96-TPI/1.2-MB (unest.) 0111 = 135-TPI/1.44-MB (est.) 
0011 = 48-TPI/360-KB (est.) 0111 = 135-TPI/1.44-MB (est.) 
0100 = 48-TPI/1.2-MB (est.) 









INT OEh — HW — IRQ6, Diskette Drive Interrupt — CPU — Page Fault [0000:0038] 


w INT OEh is initiated by the diskette drive controller at the completion of an operation. This 
interrupt is also used by the CPU to generate Page Faults. The vector for this interrupt may 
be changed to intercept diskette drive I/O operations for special real-time operating 
system requirements. 


ROM ENTRY: Points to ROM Diskette Drive Interrupt handler 


ROM ACTION: Calls made to the ROM using INT 13h for diskette drive I/O are suspended 
internally until INT OEh occurs, signifying completion. 
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INT 13h — SW -— Diskette Drive I/O [0000:004C] 
All communication between the user and the diskette drive is via a single ROM call. The 
diskette drive BIOS uses INT OEh (IRQ6) and DMA channel 2 of the system. 


ROM ENTRY: Points to disk I/O routine that dispatches to either the fixed disk (if present) 
drive BIOS or INT 40h for diskette drive BIOS. 





ROM ACTION: Upon entry, control is transferred to one of eleven routines (listed below) 
based on the function code in register AH. Illegal function codes cause the routine to report a 
Bad Command error (O1h) and return. 


INT 15h, AH = 90h is called when the diskette drive BIOS is waiting for completion of a 
command. Table 9-8 summarizes the possible status codes returned for every diskette drive 
operation (listed by function code in AH) possible under INT 13h. Error code definitions and 
AH values are given after the table. 





Table 9-8. 

Status Code Definitions (INT 13h) 
Code Definition 
00h. ~+~+~+«SuccessfulCompletion = = = ed 
O1h Bad Command 
O2h Address Mark Not Found 
O3h Write-Protected Media 
04h Requested Sector Not Found 
O6h DISKETTE CHANGE- Signal Active 
O8h DMA Overrun on Operation 
O9h DMA Attempted Across 64K Boundary 
OCh Track/Sector Combination Not Supported 
10h Bad CRC on Diskette Read 
20h Controller Has Failed 
40h Seek Operation Failed 
80h Drive Failed to Respond 
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AH Values (INT 13h) 


Value Definition 

OOh Reset Diskette Drive System 
O1h Sense Status of Last Operation 
O2h Read Sectors 

O3h Write Sectors 

04h Verify Sectors 

O5h Format Track 

O8h Read Drive Parameters 

15h Get Type of Drive 

16h Get Diskette Drive Change— Signal Status 
17h set Drive Type for Format 

18h Set Media Type for Format 


INT 13h, AH = 00h — Reset Diskette Drive System 
INT 13h, AH = OOh resets the diskette drive system. 


INPUT: AH = 00h 
DL = Drive Select (OOh..01h) 


OUTPUT: If CF =0, AH = 00h, successful completion 
If CF = 1, AH = Status, operation error 


The Reset Diskette Drive System function call is usually performed after a read, write, verify, 
or format error before retrying the operation. 


INT 13h, AH = 00h — Sense Status of Last Operation 
INT 13h, AH = O1h returns the status of the last disk operation. 


INPUT: AH = 01h 
DL = Drive Select (00h..01h) 


OUTPUT: AH = Status of last operation 
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INT 13h, AH = 02h — Read Sectors 


INT 13h, AH = 02h reads the specified number of sectors into the buffer to which 
ES:BX points. 


INPUT: AH = 02h 
AL = Sector Count — Number of sectors to be read by this operation 
ES:BX = Buffer Transfer Address 
CH = Track 
(0..39) for 48-TPI media 
(0..79) for 96-TPI and 135-TPI media 
CL = Starting Sector 
(1..9) for 48-TPI and 720-Kbyte 135-TPI media 
(1..15) for 96-TPI media 
(1..18) for 1.44-megabyte 135-TPI media 
DH = Head Select 
DL = Drive Select 


OUTPUT: If CF = 0, AH = 00h, successful completion 
If CF = 1, AH = Status, operation error 





The diskette drive parameter table (pointed to by INT 1Eh) must reflect the type of media 

installed for correct operation; that is, the number of sectors per track in the diskette drive =a 
parameter table must be 9 for 48-TPI media and 15 for 96-TPI media. Responsibility for the 

contents of the diskette drive parameter table lies with the user of INT 13h. 





nO 
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INT 13h, AH = 03h - Write Sectors 


INT 13h, AH = 03h writes the specified number of sectors onto the diskette using the data to 
which the ES:BX register points. 


INPUT: AH = 03h 
AL = Sector Count — Number of sectors to be read by this operation 
ES:BX = Buffer Transfer Address 
CH = Track (0..39) for 48-TPI media 
(0..79) for 96-TPI 
CL = Starting Sector 
(1..9) for 48-TPI and 720-Kbyte 135-TPI media 
(1..15) for 96-TPI media 
(1..18) for 1.44-megabyte 135-TPI media 
DH = Head Select 
DL = Drive Select 


OUTPUT: If CF =0 AH = 00h, successful completion 
If CF = 1 AH = Status, operation error 


The diskette drive parameter table (pointed to by INT 1Eh) must reflect the type of media 
installed for correct operation; that is, the number of sectors per track in the diskette drive 

_ parameter table must be 9 for 48-TPI media and 15 for 96-TPI media. Responsibility for the 
contents of the diskette drive parameter table lies with the user of INT 13h. 
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INT 13h, AH = 04h - Verify Sectors 
INT 13h, AH = 04h verifies the specified sectors on the diskette. Sector verification checks the 
sector ID and other format information for parity errors and data integrity. 


INPUT: AH = 04h 
AL = Sector Count — Number of sectors to be verified by this operation 
CH = Track 
(0..39) for 48-TPI media 
(0..79) for 96-TPI media 
CL = Starting Sector 
(1..9) for 48-TPI and 720-Kbyte 135-TPI media 
(1..15) for 96-TPI media 
(1..18) for 1.44-megabyte 135-TPI media 
DH = Head Select 
DL = Drive Select 


OUTPUT: If CF =0, AH = 00h, successful completion 
If CF = 1, AH = Status, operation error 


INT 13h, AH = 05h — Format Track 
INT 13h, AH = 05h writes the sector and track ID information onto the specified tracks. 


INPUT: AH = O5h 
ES:BX = Address of track format table 
CH = Track 
(0..39 for 48-TPI media) 
(0..79 for 96-TPI media) 
DH = Head Select 
DL = Drive Select 


CELE EEEE EEE 
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Track Format 





























Offset Value 
~— +00h Track 
+01h Head 
+02h sector 1 
+03h N (bytes per sector) diskette drive controller parameter 
—04h Track 
+05h Head 
+06h sector 2 
+07h N (bytes per sector) diskette drive controller parameter 
+18h Sector 6 


OUTPUT: If CF=0, AH = 00h, successful completion 
If CF = 1, AH = Status, operation error 


Before formatting a diskette, one INT 13h, AH = 18h (Set Media Type for Format) function 
io call should be made to set the media type correctly before formatting. 
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INT 13h, AH = 08h — Read Drive Parameters 
INT 13h, AH = O8h returns the drive parameters for the drive selected. 


INPUT: AH = O8h 
DL = Drive Select al 


OUTPUT: AX = 00h 
BH = 00h 
BL = < 3..0 > — Valid drive type value in CMOS 






| 2 | 720-Kbyte Diskette Drive 
1.2-MB Diskette Drive 
00 360-Kbyte Diskette Drive 


CH = Low-order 8 bits of (10-bit) maximum number of tracks 
CL = Maximum number of tracks and maximum number of sectors per track 


1.44-MB Diskette Drive 
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7..6 High-order 2 bits of maximum number of tracks 
a Maximum number of sectors per track 


DH = Maximum head number 
DL = Number of drives installed 
ES:DI = Pointer to Drive Parameter Table 





The CMOS drive type value as well as the maximum number of tracks allowed for the 
specified drive are returned. Also given are the number of sectors per track, the maximum 
number of heads, and a pointer to the correct drive parameter. 
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If input is bad (invalid input or drive type unknown or bad CMOS): 


AX = 00h 
BX = OOh 
CX = 00h 
DH = 00h 
DL = Number of diskette drives installed 


The values given reflect the capacity of the diskette drive; they do not represent the type of the 
media installed. 


INT 13h, AH = 15h — Get Type Of Drive 
INT 13h, AH = 15h returns the drive type for the specified drive. 


INPUT: AH = 15h 
DL = Drive Select 
OOh..0O1h = Diskette drive 
8Oh..81h = Fixed disk drive 


OUTPUT: AH = Type of drive 
OOh = Drive not installed 
ty Olh = Diskette drive without DISKETTE CHANGE- signal 
02h = Diskette drive with DISKETTE CHANGE- signal 
O3h = Fixed disk drive 
If drive type = 00h, O1h, or 02h, CX:DX not changed 
If drive type = O3h, the drive is a fixed disk drive; 
CX:DX = the drive capacity in 512-Kbyte sectors. 


NOTE: Only low-density (360-Kbyte) 5 1/4-inch diskette drives do not have DISKETTE 
CHANGE- signals on COMPAQ products. 
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INT 13h, AH = 16h — Get Diskette Drive Change— Signal Status 


INT 13h, AH = 16h returns the status of the DISKETTE CHANGE- signal for the specified 
diskette drive. 


INPUT:  AH=16h wv 
DL = Drive Select (OOh..01h) 


OUTPUT: If CF = 0, AH = 00h, DISKETTE CHANGE- signal inactive (door has not 
been opened) 
If CF = 1, AH = Status, operations error 80h can also be returned 
If CF = 1, AH = 06h, DISKETTE CHANGE- signal active 
(door has been opened) 
AH = 80h, drive failed to respond 


NOTE: Only low-density (360-Kbyte) 5 1/4-inch drives do not have DISKETTE CHANGE- 
signals on COMPAQ products. 


INT 13h, AH = 17h — Set Drive Type For Format 


INT 13h, AH = 17h specifies the type of diskette drive currently in the diskette drive position 
(0 or 1). We recommend use of INT 13h, AH = 18h in place of this function. 


INPUT: AH = 17h ww 
AL = Drive Type 01h — 360-KB Drive 
QO2h — 48-TPI media in 1.2-MB drive 
03h — 96-TPI media in 1.2-MB drive 
04h — 135-TPI media 
DL = Drive Select (OOh..01h) 


OUTPUT: If CF = 0, AH = OOh, successful completion 


If CF = 1, AH = Status, operation error — 80h (drive failed to respond) can also 
be returned. 


Before formatting a diskette, one INT 13h, AH = 17h call can be made to set the drive type 


for format. However, function 18h can be substituted and should be used when 3 1/2-inch 
media is used. 
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INT 13h, AH = 18h — Set Media Type For Format 
INT 13h, AH = 18h sets up the parameters of the media currently installed in the diskette drive 
position (0 or 1). This function can be used instead of function 17h, Set Drive Type for Format 
to set up the needed parameters for the Format Track command (function O5h). 


INPUT: AH = 18h 
CH = Low-order 8 bits of (10-bit) maximum number of tracks (0..79 or 0..39) 
CL = < 7..6 > — High-order 2 bits < 5..0 > = number of sectors/track 
DL = Drive select (OO0h..01h) 


OUTPUT: If CF = 0, AH = 00h, successful completion 
ES:DI = Pointer to Diskette Drive Parameter Table 
IF CF = 1, AH = Status, operation error 


| 
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INT 1Eh — PTR -— Diskette Drive Parameter Table Vector [0000:0078} 


The vector for this interrupt points to the Diskette Drive Parameter Table. The Diskette Drive 
Parameter Table is used to program the diskette drive controller chip (NEC 765, Intel 8272 or 
another compatible chip). Please refer to either the NEC 765 or Intel 8272 disk controller 
specification for more information. 


There are six diskette parameter tables (DPT) stored in this driver, one for each of the possible 
media/drive combinations; all are listed in the following table: 











Table 9-9. 

Diskette Drive Parameter Table (all values in hexadecimal) 
Description Configuration 
of DPT Byte 1 2 3 4 5 6 
Step Rate (SRT)/ DFh DFh DFh DFh DFh AFh 
Head Unload Time (HUT) 
Head Load Time/DMA 02h 02h 02h 02h 02h 02h 
Motor Off Time 25h 25h 25h 25h 25h 25h 
Sector Length 02h 02h 02h 02h 02h 02h 
Sectors/Track O9h O9h OFh O9h O9h 12h 
Gap Length, Read/Write 2Ah 2Ah 1Bh 2Ah 2Ah 1Bh 
Data Transfer Length FFh FFh FFh FFh FFh FFh 
Gap Length, Format 50h 50h 54h 50h 50h 6Ch 
Fill Character, Format F6h F6h F6h F6h F6h F6h 
Head—Settle Time OFh OFh OFh OFh OFh OFh 
Motor—Settle Time O8h O8h O8h O8h O8h O8h 
Maximum Track Value 27h 27h 4Fh 4Fh 4Fh 4Fh 
Data Transfer Rate 80h 40h OOh 80h 80h 80h 
Configuration Description 
1 360-KB diskette in 360-KB drive (5 1/4-inch) 
2 360-KB diskette in 1.2-MB drive (5 1/4-inch) 
3 1.2-MB diskette in 1.2-MB drive (5 1/4-inch) 
4 720-KB diskette in 720-KB drive (3 1/2-inch) 
5 720-KB diskette in 1.44-MB drive (3 1/2-inch) 


6 1.44-MB diskette in 1.44-MB drive (3 1/2-inch) 
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INT 40h — SW - Diskette Drive I/O [0000:0100} 


9.6 


Calls to INT 13h for diskette drive operations (as determined by the drive value in register DL) 
are vectored to INT 40h for actual diskette drive BIOS processing. Therefore, INT 40h behaves 
identically to INT 13h when used for diskette drive operations, if the system contains a fixed 
disk drive. (Refer to INT 13h for information on all INT 40h functions.) 


FIXED DISK DRIVE INTERRUPTS 


The BIOS supports one fixed disk drive for the LTE/286 and one for the LTE. Use INT 13h, 
AH = 08h to determine its capacity, or use the parameter table pointed to by INT 41h. Do not 
use the fixed disk drive type stored in configuration memory to determine the capacity. 


When the system contains a fixed disk drive, INT 13h interrupts for drive select 0 and 1 
diskette drive are vectored to INT 40h. 


If an error occurs on a fixed disk drive operation, reset the fixed disk drive system before 
retrying the operation (INT 13h, AH = 00h or ODh). The fixed disk drive controller performs 
internal retries before returning an error. 


When using the Read or Write functions, the most- significant bit of the Drive Control Byte (at 
offset +O8h) of the fixed disk drive parameter table (at INT 41h or INT 46h) can be set to 1 to 
disable the fixed disk drive controller internal-retry function. 


To format a fixed disk drive with more than 8 heads, recalibrate (INT 13h, AH = 11h) Head 0, 
then format Heads 0 though 7. Next, recalibrate Head 8 and format Heads 8 through 15. 
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Table 9-10. 
Fixed Disk Drive Interrupts and Memory Locations 











ww 
Memory 
Interrupt Type Location Bytes Function 
INT 13h SW 0000:004C 4 Fixed Disk Drive I/O 
INT 41h PTR 0000:0104 4 Fixed Disk Drive 1 Parameter Table 
INT 46h PTR 0000:0118 4 Fixed Disk Drive 2 Parameter Table 
INT 76h HW 0000:01D8 4 IRQ14, Fixed Disk Drive Interrupt 
0040:0074 4 Fixed Disk Drive Status of last 
operation 
0040:0075 | Number of Fixed Disk Drives 
0040:0076 1 Drive Control Byte 
0040:0077 1 Controller I/O Offset 
INT 13h — SW -— Fixed Disk Drive I/O [0000:004C] 
INT 13h is called to perform all functions related to fixed disk drive I/O. 
ww 


ROM ENTRY: Points to fixed disk drive I/O routine 


ROM ACTION: Upon entry, control is transferred to one of 16 routines (listed below) 
based on the function code in the AH register. Illegal function codes cause the routine to report 
a Bad Command error (O1h) and return. 


The fixed disk drive Wait and Post functions are supported via INT 15h. The fixed disk drive 
Wait function call is AH = 90h with AL = OOh. The function call for Post is AH = 91h with 
AL = 00h. Wait is performed to wait for a fixed disk drive interrupt. Post is performed when 
the fixed disk drive interrupt occurs. 


The following table lists the error or status codes returned in the AH register by the various 
interrupts. Legends for the AH functions and the error codes follow. 
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Fixed Disk Drive Status Codes by Register AH Function 
AH Error Code 
Function 00h O1h 02h 04h 05H 07H O9H OAh 10h 11h 20h 40h 80h AAh BBh CCh FFh 
OOh yA _ _ — — _ —_ _ _ - = — 
Oth 
O2h 
O3h 
O4h 
O5h 
O8h 
O9h 
OAh 
OBh 
OCh 
ODh 
10h 
11h 
wy 14h 
15h 


LEGEND: X = Status code returned 

— = Status code not available 
NOTE: Oth (“bad command”) will not occur if any of the functions are issued; it will only occur if AH equals one of the 
values not specified in the table. 


X X - X 


| 
<| K) XK] xX 
<| XK] WK] XX 
| WK] KY] OX 
<| XK) KI XX 


1 mK] OK] OK] OK] OKT OK] OK] OK OK] OK OK OKT KY OX 
| 
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The following table gives the function summary of the fixed disk drive I/O. 


























Table 9-11. ial 
otatus Code Descriptions (INT 13h) 
Register AH Description 
OOh Successful Completion 
O1h Bad Command 
O2h Address Mark Not Found 
04h Requested Sector Not Found 
O5h Reset Failed 
O7h Drive Parameter Activity Failed 
O9h Transfer Attempted Across 64K Boundary 
OAh Bad Block Flag Detected 
10h Uncorrectable ECC Data Error 
11h ECC Corrected Data Error 
20h Controller Has Failed 
40h Seek Operation Failed - 
80h Drive Failed to Respond 
AAh Drive Not Ready 
BBh Undefined Error Occurred 
CCh Write Fault Active 
FFh sense Operation Failed 
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Table 9-12. 
Fixed Disk Drive I/O Function Summary (INT 13h) 
AH Function 
OOh Reset Fixed Disk Drive System 
Oth Read Status of Last Operation 
02h Read Sectors 
O3h Write Sectors 
04h Verify Sectors 
O5h Format Track 
O6h Format Bad Track (LTE only) 
O7h Format Fixed Disk Drive (LTE only) 
O8h Get Drive Parameters 
O9h Initialize Fixed Disk Drive Parameters 
OAh Read Long 
OBh Write Long 
OCh Seek Cylinder 
ODh Alternate Disk Reset 
OEh Read Sector Buffered 
10h Test Drive Ready 
11h Recalibrate Drive 
12h Controller ROM Diagnostics (LTE only) 
13h Fixed Disk Drive Diagnostics (LTE only) 
14h Controller Diagnostics 
15h Get Type of Drive 
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INT 13h, AH = 00h — Reset Fixed Disk Drive System 
INT 13h, AH = OOh resets the fixed disk drive system and fixed disk drive parameters as well 
as resetting the diskette subsystem. Reset should be done after a read, write, verify, or format 
error before retrying the operation. See also AH = ODh, “Alternate Disk Reset.” ww 


INPUT: AH = 00h 
DL = Drive Select (80h..81h) 


OUTPUT: If CF =0, AH = 00h, successful completion 
If CF = 1, AH = O5h, reset failed 


INT 13h, AH = Olh — Read Status Of Last Operation 
INT 13h, AH = Oth returns the status of the last fixed disk drive operation. 


INPUT: AH = 01h 
DL = Drive Select (80h..81h) 


OUTPUT: AH =00h 
AL = Status of last operation 


INT 13h, AH = 02h — Read Sectors —wJ 


INT 13h, AH = 02h reads the specified number of sectors into the buffer to which 
ES:BX points. 


INPUT: AH = 02h 
AL = Sector Count — number of sectors to be read 
ES:BX = Buffer Address 
CH = Bits < 7..0 > of starting cylinder 
CL=<7,6> =< 9,8 > of starting cylinder 
= <5..0 > = Starting sector 
DH = Starting Head 
DL = Drive Select (80h..81h) 


OUTPUT: If CF =0, AH = 00h, successful completion 
If CF = 1, AH = Drive status, operation error 
AL = Drive Status 


If the transfer address starts on a paragraph boundary, the maximum number of sectors that can 
be read is 128 (80h). Otherwise, the maximum is 127 sectors. A sector count of 00h implies 
256 sectors, and will therefore generate an error. 





—J 
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INT 13h, AH = 03h — Write Sectors 


INT 13h, AH = 03h writes the specified number of sectors using the data from the buffer to 
which ES:BX points. 


INPUT: AH = 03h 
AL = Sector Count — number of sectors to be written 
ES:BX = Buffer Address 
CH = Bits < 7..0 > of starting cylinder 
CL =<7,6> =< 9,8 > of starting cylinder 
<5..0 > = Starting sector 
DH = Starting Head 
DL = Drive Select (80h..81h) 


OUTPUT: If CF =0, AH = 00h, successful completion 
If F = 1, AH = Status, operation error 


The maximum number of sectors that can be written is 128 (80h) if the transfer address starts 
on a paragraph boundary. Otherwise, the maximum is 127 sectors. A sector count of 00h 
implies 256 sectors, and will therefore generate an error. 


INT 13h, AH = 04h —- Verify Sectors 
INT 13h, AH = 04h verifies sectors on the fixed disk. Sector verification checks the sector ID 
and other format information for parity errors and data integrity. 


INPUT: AH = 04h 
AL = Sector Count — number of sectors to be read 
CH = Bits < 7..0 > of starting cylinder 
CL=<7,6>=< 9,8 > of starting cylinder 
<5..0 > = Starting sector 
DH = Starting Head 
DL = Drive Select (80h..81h) 


OUTPUT: If CF =0, AH = OOh, successful completion 
If CF = 1, AH = Status, operation error 
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INT 13h, AH = 05h — Format Track 
INT 13h, AH = 05h writes the sector and track ID information onto the tracks specified. 


INPUT: AH = 05h 
ES:BX = Track Interleave Table Address 
CH = Bits < 7..0 > of starting cylinder 
CL = <7,6 > = < 9,8 > of starting cylinder 
<5..0 > = Reserved 
DH = Starting Head 
DL = Drive Select (80h..81h) 


OUTPUT: If CF =0, AH = 00h, successful completion 
If CF = 1, AH = Status, operation error 


INT 13h, AH = 06h — Format Bad Track (LTE Only) 
INT 13h, AH = 06h initializes a track 


INPUT: AH = 06h 
AL = Interleave factor 
CH = Cylinder number 
DH = Head number 
DL = 80h 


OUTPUT: If CF = 0, AH = 00h, successful completion 
If CF = 1, AH = Status, operation error 


INT 13h, AH = 07h —- Format Drive (LTE Only) 
INT 13h, AH = 07h performs a complete format of the fixed disk drive 


INPUT: AH = O7h 
AL = Interleave factor 
CH = Cylinder 
DL = 80h 


OUTPUT: If CF = 0, AH = OOh, successful completion 
If CF = 1, AH = Status, operation error 
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INT 13h, AH = 08h — Get Drive Parameters 
INT 13h, AH = 08h returns the drive parameters for the selected fixed disk drive. 


INPUT: AH = 08h 
DL = Drive Select (80h..81h) 


OUTPUT: AH = 00h, successful completion 
CH = Bits < 7..0 > of maximum value for cylinder 
CL =< 7,6 >= < 9,8 > of cylinder 
<5..0 > = The maximum value for the sector 
DH = Maximum value for head 
DL = Number of drives (0..2) 


INT 13h, AH = 09h — Initialize Fixed Disk Drive Parameters 
INT 13h, AH = 09h loads the fixed disk drive parameters into the fixed disk drive controller. 


INT 41h points to the parameter table for fixed disk drive 1 (Drive Select = 80h). 
INT 46h points to the parameter table for fixed disk drive 2 (Drive Select = 81h). 


INPUT: AH = 09h 
DL = Drive Select (80h..81h) 


OUTPUT: If CF =0, AH = 00h, successful completion 
If CF = 1, AH = Status, operation error 
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INT 13h, AH = OAh — Read Long 
INT 13h, AH = OAh reads the specified sectors of data, plus the four error checking and 
correcting code (ECC) bytes into the buffer to which ES:BX points. 


INPUT: AH = OAh 
AL = Sector Count — number of sectors to be read 
ES:BX = Buffer Address 
CH = Bits < 7..0 > of starting cylinder 
CL = < 7,6 > = < 9,8 > of starting cylinder 
<5..0 > = Starting sector 
DH = Starting Head 
DL = Drive Select (80h..81h) 


OUTPUT: If CF =0, AH = 00h, successful completion 
If CF = 1, AH = Status, operation error 


The maximum number of sectors that can be read is 127 (7Fh). A sector count of 00h implies 
256 sectors and will therefore generate an error. 


INT 13h, AH = OBh — Write Long 
INT 13h, AH = OBh writes the specified number of sectors of data, plus the four error 
checking and correcting code (ECC) bytes. ES:BX points to the starting address for the data to 
be written. 


INPUT: AH = OBh 
AL = Sector Count — number of sectors to write 
ES:BX = Buffer Address 
CH = Bits < 7..0 > of starting cylinder 
CL = < 7,6 > = < 9,8 > of starting cylinder 
<5..0 > = Starting sector 
DH = Starting Head 
DL = Drive Select (80h..81h) 


OUTPUT: If CF = 0, AH = OOh, successful completion 
If CF = 1, AH = Status, operation error 


The maximum number of sectors that can be read is 127 (7Fh). A sector count of OOh implies 
256 sectors and will therefore generate an error. 
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INT 13h, AH = 0Ch —- Seek Cylinder 
INT 13h, AH = OCh instructs a fixed disk drive to step the drive head to the specified cylinder. 


~~ INPUT: AH = 0Ch 
CH = Bits < 7..0 > of target cylinder 
CL =<7,6> =< 9,8 > of target cylinder 
< 5..0 > = Reserved 
DL = Drive Select (80h..81h) 


OUTPUT: If CF =0, AH = 00h, successful completion 
If CF = 1, AH = Status, operation error 


INT 13h, AH = ODh — Alternate Disk Reset 
INT 13h, AH = ODh resets the fixed disk drive controller. This interrupt has the same results as 
INT 13h, AH = OOh, except that the diskette drive controller is not reset. 


INPUT: AH = ODh 
DL = Drive Select (80h..81h) 


OUTPUT: If CF =0, AH = OOh, successful completion 
CF = 1, AH = Status, operation error 


INT 13h, AH = OEh — Diagnostics 1: Read Test Buffer (LTE Only) 
INT 13h, AH = OEh reads a test buffer from the fixed disk drive controller into a diagnostics 
buffer specified in ES:BX. Data is not read from the fixed disk drive. 


INPUT: AH = OEh 
DL = 80h 
ES:BX = Pointer to Diagnostic buffer 


OUTPUT: If CF =0, AH = OOh, successful completion with no errors 
If CF = 1, AH = Status, operation error 
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INT 13h, AH = OFh —- Diagnostics 2: Write Test Buffer (LTE Only) 


INT 13h, AH = OEh writes a test buffer from the fixed disk drive controller into a diagnostics 
buffer specified in ES:BX. Data is not read from the fixed disk drive. 


ww 
INPUT: AH = OFh 
DL = 80h 
ES:BX = Pointer to Diagnostic buffer 
OUTPUT: If CF = 0, AH = OOh, successful completion with no errors 
If CF = 1, AH = Status, operation error 
INT 13h, AH = 10h — Test Drive Ready 
INT 13h, AH = 10h tests the status of the DRIVE READY signal on the selected fixed 
disk drive. 
INPUT: AH = 10h 
DL = Drive Select (80h..81h) 
OUTPUT: If CF =0, AH = 00h, successful completion 
If CF = 1, AH = Status, operation error 
ww 


INT 13h, AH = 11h — Recalibrate Drive 
INT 13h, AH = 11h instructs the specified fixed disk drive to recalibrate. The fixed disk drive 
recalibrates by seeking track 000. 


INPUT: AH = 11h 
DL = Drive Select (80h..81h) 


OUTPUT: If CF = 0, AH = 00h, successful completion 
If CF = 1, AH = Status, operation error 
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INT 13h, AH = 12h — Controller RAM Diagnostics (LTE Only) 


INT 13h, AH = 12h instructs the fixed disk controller to perform a diagnostic test on its 
internal sector buffer. Results are indicated by status code in AH. 


INPUT: 


OUTPUT: 


AH = 12h 
AL = Number of sectors 
CH = Cylinder 


CL = Sector 
DH = Head 
DL = 80h 
AL = 00h 


AH = Fixed disk drive status (40:74h) 

OOh if no error 

xxh (Appropriate error code) if error occurred 
If CF = 0, AH = OOh, If successful completion 
If CF = 1, AH = Status, operation error 


INT 13h, AH = 13h — Controller Drive Diagnostics (LTE Only) 


INT 13h, AH = 13h instructs the fixed disk drive controller to perform diagnostic tests on the 
fixed disk drive. Results are indicated by status code in AH. 


INPUT: 


OUTPUT: 


AH = 12h 
AL = Number of sectors 
CH = Cylinder 


CL = Sector 
DH = Head 
DL = 80h 
AL = OOh 


AH = Fixed disk drive status (40:74h) 

OOh if no error 

xxh (Appropriate error code) if error occurred 
If CF = 0, AH = OOh, If successful completion 
If CF = 1, AH = Status, operation error 
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INT 13h, AH = 14h — Controller Diagnostic 
INT 13h, AH = 14h instructs the fixed disk drive controller to run a self—test (diagnostic). 


INPUT: AH = 14h 
DL = Drive Select (80h..81h) 


OUTPUT: If CF =0, AH = OOh, successful completion 
If CF = 1, AH = Status, operation error 


INT 13h, AH = 15h — Get Type Of Drive 
INT 13h, AH = 15h returns the drive type for the specified drive. 


INPUT: AH = 15h 
DL = Drive Select 
OOh..01h = Diskette drive 
8Oh..81h = Fixed disk drive 


OUTPUT: AH = Type of Drive 
OOh = Drive not installed 
Olh = Diskette drive without DISKETTE CHANGE- signal 
02h = Diskette drive with DISKETTE CHANGE- signal 
03h = Fixed disk drive ww 
If drive type = 00h, O1h, or 02h, CX:DX not changed 
If drive type = O3h, the drive is a fixed disk drive; 
CX:DX = the drive capacity in 512-Kbyte sectors. 


NOTE: Only low-density (360-Kbyte) 5 1/4-inch diskette drives do not have DISKETTE 
CHANGE- signals on COMPAQ products. 
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INT 41h — PTR — Fixed Disk Drive 1 Parameter Table [0000:0104] 
The vector for INT 41h points to a fixed disk drive parameter table for fixed disk drive 1. This 
table, contains drive-dependent information used to program the fixed disk drive controller. 


Parameter 





Max Cylinders 
Max Heads 





Reserved 





Reserved 








Write Precompensation Cylinder 
Max ECC Burst 


Drive control 








Retries 
00 = Enabled 
11 = Disabled 


Reserved 





Reserved 





Reserved 





Landing Zone cylinder 





Sectors/Track 





Offset 


+00h 
+02h 
+03h 
+04h 
+05h 
+07h 
+08h 


+09h 
+O0Ah 
+OBh 
+0Ch 
+OEh 
+OFh 
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INT 76h — HW —- IRQ14, Fixed Disk Drive Interrupt [0000:01D8] 
INT 76h interrupt occurs at the completion of a fixed disk drive operation. The vector for this 
interrupt can be changed to intercept fixed disk I/O operations for special real-time operating 
system requirements, such as concurrent diskette drive I/O. The vector for this interrupt points ww 
to the entry point of the Fixed Disk Drive Operation Complete routine. The source of this 
interrupt is the fixed disk drive controller hardware. 


ROM ENTRY: Points to ROM Fixed Disk Drive Interrupt handler 


ROM ACTION: Calls made to the ROM using INT 13h for fixed disk I/O are normally 
suspended internally until INT 76h occurs, signifying completion. 


The BIOS generally controls all interactions with the keyboard. However, the interrupts used 
for the keyboard make it very easy to change the keyboard functions. 
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The BIOS generally controls all interactions with the keyboard. However, the interrupts used 
for the keyboard make it very easy to change the keyboard functions. 
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Table 9-13. 


Keyboard BIOS Interrupts and Memory Locations 


Memory 
Location 


0000:0024 
0000:0058 
0000:0066 
0040:0015 
0040:0016 
0040:0017 
0040:0019 
0040:001A 
0040:001C 
0040:001E 
0040:0071 

0040:0080 
0040:0082 
0040:0096 
0040:0097 
0040:006A 


Interrupt Type 
INT O9h HW 
INT 16h SW 
INT 1Bh OW 


Bytes 
4 
4 
4 
1 
1 
2 
1 
2 
2 


32 


, 
2 
2 
1 
1 
1 


Function 

IRQ1, Keyboard Interrupt 
Keyboard I/O 

CTRL-—Break Service 

Previous Scan code 

Keyclick Loudness (LTE/286) 
Keyboard Bit Status 
Accumulator for ALT Key Input 
Keyboard Buffer Pointer-Head 
Keyboard Buffer Pointer-Tail 
Keyboard Type-Ahead Buffer (16 entries) 
Break Bit < 7 > 

Keyboard Buffer Begin 
Keyboard Buffer End 
Enhanced Shift Status 
Keyboard LED Flags 

Keyclick Loudness (LTE) 





SYS REQ Key 


The SYS REQ key is a special key. It is not encoded, nor is anything placed in the keyboard 


queue when it is pressed. 


Pressing the SYS REQ key invokes INT 15h with AH = 85h, AL = 00h (SYS REQ Make 
code). Releasing the SYS REQ key invokes INT 15h with AH = 85h, AL = 01h (SYS REQ 


Break code). 
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The SYS REQ key does not interact with any other key and is not a repeating key. An 
application must trap INT 15h in order to make use of the SYS REQ key. RAM location 
0040:0018 stores the SYS REQ key status. If bit < 2 > in the status byte at 0040:0018 is set, the 
SYS REQ key is currently held down. The bit is cleared when the SYS REQ key is released. 





Keyboard Indicators 
LTE 


The LTE keyboard firmware controls the LED indicators. There is no provision for application 
software to control the LEDs on the LTE. 


LTE/286 


The LTE/286 BIOS normally controls the state of the keyboard LED indicators. It 
automatically changes the state of the LED indicators to reflect the current status of CAPS 
LOCK, NUM LOCK, and SCROLL LOCK keyboard functions. 


All communications to the keyboard occur through ports 60h and 64h of the 
8042-compatible keyboard controller. 


To change the keyboard LED state, use the IN and OUT instructions of the 80C286 to: ww 


1. Read port 64h to determine the input/output status of the controller, making sure the input 
buffer is empty. 


2. Write the Disable Keyboard (ADh) command to port 64h to disable the keyboard interface. 
Read the scan code from port 60h. 


3. Wait until the controller input buffer is empty. Output EDh to the keyboard assembly using 
port 60h. Wait until an ACK (the first of two ACK bytes) is received from port 60h. 


4. Write the LED data byte when the controller input buffer is empty. Wait until the second 
ACK byte is received. 


5. When the controller buffer is empty, write the Enable Keyboard (AEh) command to the 
controller to reenable the keyboard interface. 
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A RAM variable at 0040:0096 is used in conjunction with the enhanced keyboard, including the 


Laptop Enhanced Keyboard, for state information. 


The format of RAM location 0040:0096 (byte) is defined below: 












7 | ReadiDcommandinprogress 
"6 |Last character received was IDbyte 
"5 | ifenhanced keyboard installed, force NUM LOCK 
4 | Enhanced keyboardinstaled 
(3 | Right ALTkeydown SS 
2] Right CTAL key down SS 
1] ast code was EOn_—SSSOSCS 


Last code was Eth 


A RAM variable at 0040:0097 reflects the state of the keyboard LED indicators. The LED 
indicators are controlled by the keyboard BIOS through the use of commands issued to the 


keyboard controller. 


The information in 0040:0097 is compared with the mode bits in 0040:0017 to determine 


whether the LED indicators are up-to-date. 


The format of RAM location 0040:0097 (byte) is defined below: 

















T |. FUNCTION 





[6 | 1 = Keyboard controler command in progress _ 
rs | Resoved 
3 | Reseved SSS 
2 [1 = CAPSLOGKLEDon 
4-1 =NUMLOGKLED on 


1 = SCROLL LOCK LED on 
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The status of the LED indicators is checked: 


m™ Each time a keyboard hardware interrupt occurs 


m@ When the Get Key function (INT 16h, AH = 00h or AH = 10h) is invoked wW 
m When the Check For Key Available function (INT 16h, AH = 01h or AH = 11h) 
is invoked 


Miscellaneous BIOS Keyboard Information 


Decimal keyboard codes can be entered by holding down the ALT key, entering the number on 
the numeric keypad, then releasing the ALT key. This feature works regardless of the state of 
the NUM LOCK key. For example, to enter the pi character: hold down the ALT key; type 
“227” on the numeric keypad; release the ALT key. 


The Get Key function (INT 16h, AH = 00h or AH = 10h) executes a Device Wait (INT 15h, 
AH = 90h, AL = 02h) if a keycode is not currently available in the keyboard queue. 


The following key combinations do not place scan codes in the keyboard type—ahead buffer: 


@ Background 
— Black: (CTRL + ALT + Numeric Keypad “[”) 
— White: (CTRL + ALT + Numeric Keypad “]’’) —wJ 


m@ Display select — Internal: (CTRL + ALT + >) 
— External: (CTRL + ALT + <) 


m@ Switch CPU speed 
(CTRL + ALT + \) 


To receive time-out errors and overrun errors, the keyboard controller places a scan code of 
FFh in its output buffer. The system beeps once when it receives the FFh from the keyboard. 


To transmit time-out errors, the keyboard controller places a scan code of FEh in its 
Output buffer. 


Interrupts remain enabled and execution is suspended if CTRL + NUM LOCK is input. 
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INT 09h — HW — IRQ], Keyboard Interrupt — CPU - 

80C287 Segment Overrun [0000:0024] 
INT O9h occurs each time a keyboard key is pressed or released. The vector for this interrupt 
can be changed to select a user-supplied keyboard handler. INT 09h normally handles the 
keyboard hardware interrupts from IRQ1. However, if the system is operating in the Protected 
mode, INT O9h is issued by the 80286 when a 80C287 or 80287 Segment Overrun exception 
is detected. 


Operating system software running in the Protected mode can readily relocate hardware 
interrupts IRQO through IRQ7 to another block of eight interrupt vectors to avoid conflict. (See 
INT 15h, AH = 89h.) 


ROM ENTRY: Points to ROM Keyboard Interrupt handler 


ROM ACTION: | The interrupt routine reads the key from the controller keyboard registers. 
Then encodes the key or takes special action. If required, the controller is notified that the key 
has been read. The 8259A interrupt controller is then cleared and loads the encoded key into 
the keyboard buffer. 


INPUT: Keyboard 
OUTPUT: Keyboard type-ahead buffer 


INT 16h — SW - Keyboard I/O [0000:0058] 
ROM ENTRY: Points to Keyboard I/O ROM entry point 


ROM ACTION: Upon entry, control is transferred to one of eleven routines (listed below) 
based on the function code in register AH. Illegal function codes cause control to simply return 
to the calling program. All registers except those returning a value are preserved. Interrupts 
remain enabled. 


The following table summarizes the functions of the Keyboard I/O. 
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Keyboard I/O Function Summary 


Register AH Function 

00h Get Key from Type-Ahead Buffer - 

Oth Check for Key in Type-Ahead Buffer 

02h Read Shift Status 

O3h Set Repeat Key Rate and Delay 

O5h Place Scan Code/Character in Type-Ahead Buffer 

10h Get Enhanced Key in Type-Ahead Buffer 

11h Check for Enhanced Key from Type-Ahead Buffer 

12h Get Enhanced Key Flags 

FOh set CPU Speed 

Fih Read Current CPU Speed 

F2h Determine Attached Keyboard 

These functions and their related parameters are discussed in the following pages. 
INT 16h, AH = 00h — Get Key from Type—Ahead Buffer J 


INT 16h, AH = OOh reads a scan code/character pair from the keyboard BIOS type-ahead buffer 
and returns it to the calling program. If no key is available in the type-ahead buffer, this 
function waits until a key 1s pressed before returning control to the program performing the 
function. If the application program does not wish to wait for keys to be pressed, function 

AH = Olh should be performed to determine whether any characters exist in the type-ahead 
buffer before attempting to get them using the AH = OOh function. 


The Get Key from Type-Ahead Buffer function (INT 16h, AH = 00h or AH = 10h) executes a 
Device Wait (INT 15h, AH = 90h, AL = 02h) if a keycode is not currently available in the 
keyboard queue. 


INPUT: AH = 00h 


OUTPUT: AH = Scan Code 
AL = Character 
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INT 16h, AH = Oth — Check For Key in Type—Ahead Buffer 
INT 16h, AH = Oth should be performed to determine whether any key scan codes are present 
in the keyboard BIOS type-ahead buffer. If a scan code/character is present, it is not removed 
from the type-ahead buffer. 


INPUT: AH = Oth 


OUTPUT: ZF=1-No keys available 
= 0 — Key available 
AH = Scan Code 
AL = Character 


INT 16h, AH = 02h — Read Shift Status 
INT 16h, AH = 02h returns the SHIFT status byte. 


INPUT: AH = 02h 
OUTPUT: AL = Shift code 


1 = SCROLL LOCK 
1 = NUM LOCK 
1 = CAPS LOCK 


1 = Insert 


Key Held Down: 
1 = Right shift 
1 = Left shift 
1=CTRL 

1 = ALT 
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INT 16h, AH = 03h — Set Repeat Key Rate And Delay 

INT 16h, AH = 03h is used to set the repeat key rate and delay for all repeat keys on the 
keyboard. The delay value placed in BH should not exceed 3. The repeat rate value in BL 
should not be greater than 63 (decimal). If these values exceed their allowed limits, the repeat 
rate and delay are not set. 
INPUT: AH = 03h 

AL = 05h 

BH = Repeat delay (0..3) 

BL = Repeat rate (0..63) 


OUTPUT: None; flags are unaffected 


at 


INT 16h, AH = 05h — Place Scan Code/Character In Type-Ahead Buffer 
INT 16h, AH = 05h places the scan code and character specified in CH and CL in the keyboard 
BIOS type-ahead buffer. 


INPUT: AH = 05h 
CH = Scan code 
CL = Character 


OUTPUT: If CF =0, AL = 00h, scan code and character are placed in type-ahead buffer 
If CF = 1, AL = O1h, type-ahead buffer full, no action taken 
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INT 16h, AH = 10h — Get Enhanced Key From Type-Ahead Buffer 
INT 16h, AH = 10h reads a scan code/character pair from the keyboard BIOS type-ahead 
buffer. If no key is available in the type-ahead buffer, this function waits until a key is pressed 
ww before returning control to the program performing the function. 


If the application program does not wish to wait for keys to be pressed, function AH = 11h 
should be performed to determine whether any characters exist in the type-ahead buffer before 
attempting to get them using the AH = 10h function. 


This function should be used instead of function AH = OOh, if the enhanced keyboard is used in 
Mode 2. This function allows applications to obtain the scan codes for the additional keys in 
the enhanced keyboard. These keys include F11, F12, and the keys in the cursor control cluster. 
(See Chapter 5, “Keyboard Subsystem,” for scan codes generated by the 84-key and enhanced 
keyboards. ) 


The Get Enhanced Key functions (INT 16h, AH = 00h or AH = 10h) execute a Device Wait 
(INT 15h, AH = 90h, AL = 02h), if a keycode is not currently available in the keyboard queue. 


INPUT: AH = 10h 


OUTPUT: AH = Scan code 
AL = Character 


INT 16h, AH = 11h — Check for Enhanced Key in Type-Ahead Buffer 
INT 16h, AH = 11h should be performed to determine whether any key scan codes are present 
in the keyboard BIOS type-ahead buffer. If a scan code/character is present, it is not removed 
from the type-ahead buffer. This function should be used instead of function AH = 01h if the 
enhanced keyboard is used in Mode 2. This function allows applications to obtain the scan 
codes for the additional keys in the enhanced keyboard via the BIOS. These keys include F11, 
F12, and the keys in the cursor control cluster. 


INPUT: AH = 11h 


OUTPUT: If ZF = 1, no scan codes are in the type-ahead buffer 
If ZF = O, then AH = First scan code present in the type-ahead buffer 
AL = First character present in the type-ahead buffer 
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INT 16h, AH = 12h — Get Enhanced Key Status 
INT 16h, AH = 12h returns the status of several enhanced keyboard functions and keys. This 
function should be used instead of function AH = 02h when using the enhanced keyboard in 
Mode 2. In Mode 2, this function allows applications to obtain the status of the additional ALT ww 
and CTRL keys of the enhanced keyboard. 


INPUT: AH = 12h 


OUTPUT: AH = Bits < 7..4>, < 1,0 > of 40:18 
Bits < 2,3 >, of 40:96 








Right ALT key held down 
Right CTRL key held down 
Left ALT key held down 


Left CTRL key held down 











INSERT key in effect 
CAPS LOCK mode in effect 


NUM LOCK mode in effect 


"—4_| SCROLL LOCK mode in effect 
3 | AlTkey (left and/or right) held down __ 
0 







CTRL key (left and/or right) held down 
Left SHIFT key held down 


Right SHIFT key held down 
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INT 16h, AH = FOh — Set CPU Speed 


INT 16h, AH = FOh, changes the value of the keyboard controller output port to specify the 
current CPU speed. 


INPUT: AH = FOh 
AL = 00h Set CPU speed to Common 4.77 MHz (LTE Only) 
= 01h Set CPU speed to FAST (8 MHz-LTE/286, 9.54 MHz-LTE) 
= 02h Set CPU speed to HIGH (12 MHz-LTE/286 Only) 
= 03h Toggle CPU speed 
= 08h Set CPU speed to switch between 8 MHz and 12 MHz during diskette 
operations (LTE/286 Only) 


OUTPUT: A\ll registers are preserved. 


INT 16h, AH = Flh — Read Current CPU Speed 
INT 16h, AH = F1h reads the keyboard controller input port values to determine the current 
CPU speed. 


INPUT: AH = Fih 


OUTPUT LTE/286: 
AL = Speed Code 
= Olh if CPU speed is 8-MHz (FAST) 
= 02h if CPU speed is 12-MHz (HIGH) 
= 08h if CPU speed is AUTO 


OUTPUT LTE: 
AL = Speed Code 
= 0Oh if CPU speed is 4.77-MHz(COMMON) 
= Olh if CPU speed is 9.54-MHz (FAST) 


INT 16h, AH = F2h — Determine Attached Keyboard 
INT 16h, AH = F2h determines whether a 9- or 11-bit keyboard Is in use. 


INPUT: AH = F2h 


OUTPUT: AL = OOh if 11-bit keyboard in use (standard) 
= Olh if 9-bit keyboard in use 
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INT 1Bh — SW —- CTRL-BREAK Service [0000:0066] 
INT 1Bh is called from the ROM when the CTRL + BREAK keys are pressed. The vector for 
this interrupt is normally used by the operating system. It can be changed to point to a 
user-supplied routine. It is provided to allow DOS and user programs a way to exit a program. 





ROM ENTRY: Points to a dummy interrupt return 
ROM ACTION: Control returns to the calling program 


9.8 POWER CONSERVATION 


The LTE/286 and the LTE use different interrupts for power conservation. The interrupts 
used are: 


@ IRQ15 (INT 77h) for the LTE/286 
@ IRQ2 (INT OAh) for the LTE 


Power Conservation is not implemented until the Power-On Self-Test is completed. This is 

done to prevent hardware interrupt IRQ15 (LTE/286) or IRQ2 (LTE) problems from occurring 

with non-DOS operating systems. At power-on, one of three Power Conservation conditions 

exists, selectable through the SETUP program on the COMPAQ USER DIAGNOSTICS or 
ADVANCED DIAGNOSTICS diskette: — 


@ Power Conservation OFF — Power conservation interrupt is not processed at all; Power 
Conservation is not implemented. 


™@ Power Conservation ON — Power conservation interrupt processing begins at the 
completion of POST; Power Conservation will be implemented. 


@ Power Conservation AUTO — During POST, the system ROM sets up the power 
conservation interrupt vector but does not enable it in the interrupt controller. After a 
70-80 second delay, the system ROM enables the power conservation interrupt in the timer 
interrupt (INT 08h). This action, allows operating systems which do not want power 
conservation interrupt vectored to the ROM handler to intercept INT 08h before such 
vectoring can occur. 


Regardless of the Power Conservation mode at power-on, 
™ Power conservation interrupt will not be processed if the system is using external power. 


@ Video activity will be monitored, unless the video inactivity TIME-OUT has been set to 
disable it to provide the Screen Save feature (see INT 15h, 46h). 
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The power conservation Status Register, available at I/O address 1465h, provides to the 
software the information necessary for Power Conservation. Bits < 6,5 > of this register are 
read/write; bits < 7 >, < 4..0 > are read-only. 


Bit < 7 > will be cleared by the interrupt handler each time an interrupt occurs. This action 
ensures that the interrupt generated is intended for Power Conservation and was not generated 
erroneously or by a third-party board. 


Power Conservation Status Register (IRQ15—LTE/286, IRQ2-LTE) 


Request (R) 
0 = No IRQ15(2) 
1 = Request IRQ15(2) 
Interrupt Enable (R/W) 
0 = Don't let new IRQ15(2) occur 
1 = Let new IRQ15(2) in 


Interrupt Clear (R/W) 
0 = Allow IRQ15(2) 
1 = Clear current IRQ15(2) 


Battery State (R) 


00 = Battery good 
01 = Low Battery 1 (First Warning) 
11 = Low Battery 2 (Final Warning) 


Type of Power 

O = Internal (Battery) 

1 = External (AC) 
System Activity (R) 

O = Activity 

1 = TIME-OUT occurred 
Standby Button State (R) 

O = Not Pressed (R) 

1 = Pressed (R) 
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The COMPAQ LTE Personal Computer, also provides subsystem Power Conservation support 
for the: 


™@ Fixed disk drive 
@ LCD controller 
@ ‘Internal modem 


For additional information on Power Conservation, see the “Power Conservation ” in 
Appendix B. 


9.9 PRINTER INTERRUPTS 


The printer BIOS provides a simplified interface to the parallel printer ports. Functions are 
provided for initializing a printer, printing characters, and checking the printer status. 


Although printer BIOS operation is not interrupt-driven, a Device Wait interrupt (INT 15h, 
AH = 90h, AL = FEh) is supported internally. It is executed if the printer is not ready when 
the Print Character function is called. For systems software, printer interrupt IRQ7 (INT OFh) 
is available. 


During power-on, the BIOS searches for parallel printer interfaces at three standard port 
locations: 3BCh, 378h, and 278h. When an interface is found, the BIOS places the printer 
port base address in BIOS memory, beginning at 0040:0008. Therefore, when programming 
a printer port, use the address extracted from the table in BIOS memory rather than a 
hard-coded address. 


In addition to being directly callable by application software, the Print Screen function 

(INT O5h) is invoked by the keyboard BIOS when the SHIFT and Print Screen keys are pressed 
simultaneously. INT 05h repeatedly invokes INT 17h for each character. Characters in every 
position on the screen are sent to the printer without suppressing trailing blanks. A flag in 
BIOS RAM at location 0040:0100 contains the Print Screen status. 


Printer BIOS provides a TIME-OUT function whose length is programmable by the user. A 
4-byte table in BIOS memory beginning at 0040:0078 is reserved for setting the TIME-OUT 
values for each parallel printer port. At power-on these TIME-OUT values are initialized to 20 
and may be set from 1 to 255. Each increment is approximately 1 second. 
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Table 9-14. 
Memory Locations Used by Printer Interrupts 

Memory 
Interrupt Type Location Bytes Function 
INT O5h SW 0000:0014 4 Print Screen Bound Exceeded 
INT OFh HW 0000:003C 4 Printer Interrupt 
INT 17h SW 0000:005C 4 Printer I/O 

0040:0008 2 Base Address of Printer Port 0 (LPT1) 

0040:000A 2 Base Address of Printer Port 1 (LPT2) 





0040:000C 2 Base Address of Printer Port 2 (LPT3) 
0040:000E 2 Base Address of Printer Port 3 
0040:0078 1 TIME-OUT for Printer Port 0 
0040:0079 1 TIME-OUT for Printer Port 1 
1 
1 
1 





0040:007A TIME-OUT for Printer Port 2 
0040:007B TIME-OUT for Printer Port 3 
0040:0100 Print Screen Status 


9-67 
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INT 05h — SW — Print Screen — CPU — Bound Exceeded [0000:0014] 
INT O5h is initiated by explicitly executing an INT O5h instruction (for Print Screen) or by 
exceeding the limits specified in the Bound Exceeded instruction. An application program may 
use the interrupt to request a hardcopy of the display. This vector is normally changed for 
enhanced screen functions, such as handling graphics screens, interfacing with special printers, 
and redirecting output to files. 


ROM ENTRY: Points to ROM Print Screen handler 


ROM ACTION: | Interrupt routine is used by the ROM keyboard handler when the SHIFT and 
Print Screen keys are pressed simultaneously. INT O5h uses INT 10h to read the screen and 
INT 17h to send characters to the printer. 


When INT O5h is called, the current cursor position is saved. The cursor position is restored 
when the printing is completed. Address 0040:0100 contains the status of the Print Screen 
operation; OOh = Print Screen Not In Operation (or successful completion of a print screen 
call); 01h = Print Screen Is In Progress. A value of FFh is returned when a TIME-OUT is 
detected. If the printer is off-line or 1s not ready, the Print Screen function times out in one 
character time. 

If another Print Screen call is attempted while an operation is in progress, the call is 
ignored. Trailing spaces are not compressed. All registers are preserved. INT 05h runs with 
interrupts enabled. 


INPUT: None 
OUTPUT: 0040:0100 = Status of Print Screen 


A replacement INT O5h handler can determine the source of the interrupt by examining the two 
bytes preceding the instruction to which the return address on the stack points. If the bytes are 
CDh, O5h, the source of the interrupt is an INT O5h. 


The Print Screen function conforms to the printer TIME-OUT variables in the same way as 
does the Print function. 


INT OFh — HW —- IRQ7, Printer Interrupt [0000:003C 


INT OFh is not used by the ROM BIOS. The vector for this interrupt can be changed to 
intercept printer character interrupts for special real-time operating system requirements, such 
as print spooling. 


ROM ENTRY: Points to a dummy interrupt return 
ROM ACTION: Control returns to the calling program 
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INT 17h — SW -— Printer I/O [0000:005C 
INT 17h is called to perform all functions related to printer I/O. 


ROM ENTRY: Points to Printer I/O ROM entry point 


wy 
ROM ACTION: Upon entry, control 1s transferred to one of three routines (Print Character, 
Initialize Printer, Get Printer Status) based on the function code in register AH. Illegal function 
codes cause control to simply return. All registers except those returning a value are preserved. 
The following table gives the function summary of the Printer I/O: 
Printer I/O Function Summary 
Register AH Function 
OOh Print Character 
O1h Initialize Printer 
O2h Get Printer Status 
Interrupts remain enabled. Functions and their related parameters are individually as follows. 
wy 
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INT 17h, AH = 00h — Print Character 
INT 17h, AH = 00h writes the specified character to the printer. 


INPUT: AH = 00h 
AL = Character to be printed (OOh..FFh) 
DX = Printer Port Number (0..3) 


OUTPUT: AH = Status 


BIT |. oe 

6 | Acknowledge 
5 | Outofpaper 
4 
3 
21 





AL = Character 
DX = Printer port number 


Some printers return with bit < 3 > = 1 when off line. 


INT 15h, AH = 00h is performed when the Print Character function is called but the printer is 
not ready. 
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INT 17h, AH = Oth — Initialize Printer 


INT 17h, AH = Oth initializes the printer, polls the printer for the printer status, and places the 
printer status in the AH register. 


INPUT: AH = O1h 
DX = Printer Port Number (0..3) 


OUTPUT: AH = Status 
= 0Oh (from normal operation) 
= Olh (base address = 0000h) 
= Olh (base address = 0000h) 
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INT 17h, AH = 02h — Get Printer Status 
INT 17h, AH = 02h polls the printer for the printer status and places this value in the 
AH register. 





ww 
INPUT: AH = 02h 
DX = Printer Port Number (0..3) 
OUTPUT: AH = Status 
TIME-OUT 
Some typical return statuses are listed below: 
aad 
Register AH Function 
00h Off Line 
02h Read (base address = 0) 
O8h Power Off, Cable On 
30h Cable Off 
90h Read Status after Print 
BBh Port Initialize (no printer port installed) 


Some printers return with bit < 3 > = 1 when off line. 
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9.10 PROCESSOR INTERRUPTS 


The 80C286 processor, which operates like the 80C286, has several predefined interrupts for 
notifying system or application software of execution exceptions: processing, debug, and 
arithmetic interrupts. 


m@ Processing interrupts are: 
— INT 05h (Bound Exceeded) 
— INT 06h (Invalid Opcode) 
— INT 08h (Double Exception Detected) 
— INT OAh (Invalid TSS) — INT OBh (Segment Not Present) 
— INT OCh (Stack Segment Overrun) — INT O0Dh (General Protection) 


@ Debug interrupts are: 
— INT Oth (Single Step) 
— INT 03h (Software Breakpoint) 


m@ Arithmetic interrupts are: 
— INT 00h (Divide By Zero) 
— INT 04h (Arithmetic Overflow) 


Table 9-15. 
Memory Locations Used by 80C286 Processor Interrupts 
Memory 

Interrupt Type Location Bytes Function 
OOh CPU 0000:0000 4 Divide by zero 
Oth CPU 0000:0004 4 Single Step 
O3h CPU 0000:000c 4 Software Breakpoint 
04h CPU 0000:0010 4 Arithmetic Overflow 
O5h CPU 0000:0014 4 Bound Exceeded 
O6h CPU 0000:0018 4 Reserved 
O8h CPU 0000:0020 4 Double Exception Detected 
OAh CPU 0000:0028 4 Invalid TSS 
OBh CPU 0000:002C 4 Segment Not Present 
OCh CPU 0000:0030 4 Stack Segment Overrun 
ODh CPU 0000:0034 4 General Protection 
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INT 00h — CPU — Divide By Zero [0000:0000)] 
INT OOh is initiated when either a divide-by-zero or divide-overflow operation takes place in 
the 80C286. 


ROM ENTRY: Points to a dummy interrupt return 
ROM ACTION: Control returns to the calling program 


INT 01h — CPU — Single Step [0000:0004] 


INT Oth is initiated when an instruction is executed with the trace flag (TF) set. It is the 
responsibility of DOS or the applications program (usually DEBUG or DDT) to set up this 
vector for useful action. 


ROM ENTRY: Points to a dummy interrupt return 
ROM ACTION: Control returns to the calling program 


INT 03h — CPU — Software Breakpoint [0000:000C] 
INT 03h is initiated by execution of either the single-byte or double-byte INT 03h instruction 
(opcode CCh or CDh, 03h). 


When the system encounters this interrupt, it jumps to the address pointed to by the INT 03h 
vector (O000:000C). 


This interrupt provides a debugging program with a means of suspending program execution so 
that system control can return to the debug program. It is the responsibility of DOS or the 
applications program to set up this vector for useful action. 


ROM ENTRY: Points to a dummy interrupt return 
ROM ACTION: Control returns to the calling program 


INT 04h — CPU - Arithmetic Overflow [0000:0010] 


INT 04h is initiated by execution of an INTO instruction when the overflow flag (OF) 1s set. 
It is the responsibility of DOS or the applications program to set up the vector to process this 
interrupt. 


ROM ENTRY: Points to a dummy interrupt return 
ROM ACTION: Control returns to the calling program 
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INT 05h — CPU — Bound Exceeded — SW - Print Screen [0000:0014] 
INT O5h is initiated either by explicitly executing an INT 05h instruction (for Print Screen), or 
by exceeding the limits specified in the Bound Exceeded instruction. A replacement INT 05h 
handler can determine the source of the interrupt by examining the two bytes before the 
instruction pointed to by the return address on the stack. If the bytes are CDh, O5h, then the 
source of the interrupt is an INT O5h. It is the responsibility of DOS or the applications 
program to set up the vector to process the INT O5h interrupt. 


ROM ENTRY: Bound Exceeded is not supported by the BIOS (the interrupt vector points to 
the Print Screen handler). 


ROM ACTION: None 


INT 06h — CPU — Invalid Opcode [0000:0018] 
INT 06h is initiated by the 80C286 when an illegal instruction is executed. 


ROM ENTRY: Points to a dummy interrupt return 
ROM ACTION: None 


INT 08h — CPU — Double—Exception Detected — HW — 

IRQO, Tick Counter [0000:0020] 
INT O8h normally handles the tick-counter hardware interrupts from IRQO. However, when the 
system 1s operating in Protected mode, the 80C286 issues INT 08h when a Double-Exception 
Error is detected (processor cannot continue). 


The operating system software, running in the Protected mode, can readily relocate hardware 
interrupts IRQO through IRQ7 to another block of eight interrupt vectors to avoid conflict. 
(See INT 15h, AH = 89h.) 


INT 0Ah — CPU —- Invalid Task-State Segment, HW — Simulated IRQ2 [0000:0028] 
(LTE/286),HW — Power Management IRQ2 [0000:0028] (LTE) 
INT OAh is normally issued by the BIOS in response to processing an INT 71h. However, if 
the system is operating in the Protected mode, INT OAh is issued by the 80C286 when an 
Invalid Task-State Segment (TSS) is encountered. 
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INT OBh — CPU — Segment Not Present - HW — IRQ3, Comm, 

Secondary [0000:002C] 
In Protected mode, the 80C286 issues INT OBh when the 80C286 detects a reference to a 
segment not currently mapped by its memory management hardware. Otherwise, the default 
initialization of the interrupt controllers directs interrupts from IRQ3 through INT OBh. 


INT OBh is not processed by the BIOS other than to return control to the calling program. 


INT 0Ch — CPU — Stack Segment Overflow — HW — IRQ4, Comm, 
Primary [0000:0030] 


In Protected mode, the 80C286 issues INT 0Ch when the 80C286 detects a push onto a stack 
that exceeds the space as allocated by the memory management. Otherwise, the default 
initialization of the interrupt controllers directs interrupts from IRQ4 to INT OCh. 


INT OCh is not processed by the BIOS other than to return control to the calling program. 


INT 0Dh — CPU —- General Protection, HW — IRQ5 (Not Used by LTE/286) BIOS, 
HW —- IRQ5 Fixed Disk Drive (LTE), [0000:0034] 
LTE/286 


INT ODh normally handles the interrupts from IRQS, which is not used by the LTE/286. 
However, when the system is operating in the Protected mode, INT ODh is issued by the 
80C286 when a General Protection exception is detected. 


Operating system software running in Protected mode can readily relocate hardware interrupts 
IRQO through IRQ7 to another block of eight interrupt vectors to avoid conflict with CPU-type 
INT ODh (see INT 15h, AH = 89h). 


LTE 
The LTE with its 80C86 uses INT ODh (IRQS) to provide support for the fixed disk drive. 
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9.11 SYSTEM INTERRUPTS 


This section contains descriptions of general BIOS services that are not attached to specific I/O 
devices. These include: 


@ INT 11h and INT 12h for system configuration information 
@ INT 15h for BIOS extensions, such as Power Conservation and multitasking support 
@ INT 18h and INT 19h for bootstrap operations 


Table 9-16 lists the BIOS system interrupts and memory locations used. 




















Table 9-16. 
system Interrupts and Memory Locations 
Memory 
Interrupt Type Location Bytes Function 
11h SW 0000:0044 4 Equipment Configuration 
12h SW 0000:0048 4 Base Memory Size 
15h SW 0000:0054 4 BIOS Extension 
18h SW 0000:0060 4 Boot Fail 
19h SW 0000:0064 4 Bootstrap 
0040:0010 2 Equipment Status 
0040:0013 2 Base Memory Size in Kbytes 
0040:0067 4 Reset Vector (LTE/286) 
Equipment Status Backup Byte (LTE) 
0040:0072 2 Reset Word 
0040:0098 4 Pointer to Caller’s Wait Flag (LTE/286) 
0040:009C 4 Wait Count (32-bit) (LTE/286) 
0040:00A0 1 Wait Active Flag (LTE/286) 


ee ee a ee ee 
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INT 11h — SW — Equipment Configuration [0000:0044] 


INT 11h returns a bit-encoded word relating the number and type of hardware 
devices installed. 


INPUT: None 
OUTPUT: AX = Configuration 


NOTE: 1. Reserved bits should be masked out of any processing. 
2. Bits < 5..4 > normally indicate an initial video configuration of 80 x 25 text. 





. 
. 
° 
. 
oe 
. 
. 








15,14 Number of Printers 
00 = 0 
01=1 

10 =2 

11=3 


13.12 


11..9 Number of Asynchronous Ports 
000 = 0 
001 = 1 
010 = Reserved 
100 = Reserved 


Number of Diskette Drive(s) 
00 = 1 
01=2 
10 = Reserved 
11 = Reserved 


Initial Video Configuration (Note 2) 
OO = Reserved 
01 = 40x 25 
10 = 80 x 25 

11 = Reserved 


Reserved (Note 1) 
1 80C287 Installed (LTE/286 — Only) 


Diskette Drives Installed 
O = No Diskette Drives Installed 
1 = Diskette Drive(s) installed 















Oo 
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INT 12h — SW - Base Memory Size [0000:0048] 
INT 12h returns to the caller the amount of base RAM installed in 1-Kbyte increments. 


INPUT: 
OUTPUT: 


AX = Contiguous base memory size in 1-Kbyte increments. The number in AX is 


always in multiples of 64 (decimal), up to a maximum of 640 


INT 15h — SW - BIOS Extension [0000:0054] 


INT 15h 1s used for a variety of BIOS functions, as summarized in the following table: 


BIOS Extension Function Summary 


AH 

40h 

AL = 00h 
AL = Oth 
42h 

46h 

AL = 00h 
AL = 01h 
80h 

81h 

82h 

83h 

84h 

85h 

86h 

87h 

88h 

89h 

90h 

91h 

COh 


Function 

LCD TIME-OUT 

Read LCD TIME-OUT 

Set LCD TIME-OUT 

Enter Standby 

Power Conservation 

Read Power Conservation/Modem Configuration 
Modify Power Conservation/Modem Configuration 
Device Open (LTE/286) 

Device Close (LTE/286) 

Program Terminate (LTE/286) 

Event Wait (LTE/286) 

Joystick (LTE/286) 

SYS REQ Key Routine 

Unconditional Wait (LTE/286) 

Move Block (LTE/286) 

Expansion Memory Determination (LTE/286) 
Enter Protected Mode (LTE/286) 

Device Wait 

Device Post 


Get Machine Environment 
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INT 15h, AH = 40h, AL = 00h — Read LCD TIME-OUT 
INT 15h, AH = 40h, AL = OOh returns the time, in minutes, of keyboard inactivity before the 
LCD 1s blanked. 


INPUT: AH = 40h 
AL = 00h 


OUTPUT: AH= 40h 
AL = 00h 
CL = LCD TIME-OUT 
OOh = Disabled 
XXh = TIME-OUT in minutes 
1-63 (LTE/286) 
O or 15 (LTE) 


INT 15h, AH = 40h, AL = 01h — Set LCD TIME-OUT 
INT 15h, AH = 40h, AL = O1h sets the time, in minutes, of keyboard inactivity before the LCD 
is blanked. 


INPUT: AH = 40h 
AL = Olh 
CL = LCD TIME-OUT 
OOh = Disabled 
XXh = TIME-OUT in minutes 
1-63 (LTE/286) 
O or 15 (LTE) 


OUTPUT: AL= Set LCD TIME-OUT status 
OOh = TIME-OUT modified (operation successful) 
O1lh = TIME-OUT cannot be modified 
CL = LCD TIME-OUT 
OOh = Disabled 
XXh = TIME-OUT in minutes 
1-63 (LTE/286) 
O or 15 (LTE) 
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INT 15h, AH = 42h — Enter Standby 
INT 15h, AH = 42h causes the system to enter Standby in exactly the same fashion as it would 
if the Standby button were pressed. 


INPUT: AH = 42h, Function 
AL = 80h, Enter Standby only when Power Conservation enabled. 


OUTPUT: AH = 42h, Function 
If CF = 0, Operation successful 
If CF = 1, System unable to enter Standby either because it is AC-powered or 
because the Power Conservation subsystem is not enabled 


INT 15h, AH = 46h, AL = 00h — Read Power Conservation/Modem Configuration 
INT 15h, AH = 46h, AL = OOh returns status information of the COMPAQ LTE Power 
Conservation subsystem and the modem subsystem. 


INPUT: AH = 46h, Function 
AL = 00h, Subfunction 


OUTPUT: AH = Modern configuration information 


Modem State 
O = Not assigned 
1 = Assigned 


COM Port Assignment 


IRQ Line Assignment 
0 = IRQ4 
1=IRQ3 


Modem Installed 
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OUTPUT: AL = Power Conservation Status Information 


Beep Enable 
O = Disable 
1 = Enable 
Power Conservation Mode 
OO = Auto 
01 =ON 
10 = OFF 


11 = Reserved 


Low Battery State 
00 = No low battery condition 
01 = Low Battery 1 
10 = Reserved 
11 = Low Battery 2 
Power Source 
O = Internal 
1 = External 
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INT 15h, AH = 46h, AL = 01h — Modify 
Power Conservation/Modem Configuration 
INT 15h, AH = 46h, AL = 01h modifies Power Conservation/Modem Configuration. 


INPUT: AH = 46h, Function 

AL = Oth, Subfunction 
BL = System inactivity TIME-OUT (1..21 minutes) 

= FFh — Do not change system inactivity TIME-OUT 
CH = Beep Enable. 1 = Enable, 0 = Disable 
CL = Video display TIME-OUT (1..63 minutes) 

= FFh — Do not change video display TIME-OUT 
DL = Fixed disk drive TIME-OUT (1..18 minutes) 

= FFh — Do not change fixed disk drive TTME-OUT 
DH = FFh- 


OUTPUT: If CF=0 
AH = 00h, operation successful 
BL = System TIME-OUT (1..18 minutes) (Note) 
CL = Video display TIME-OUT (1..63 minutes) 
DH = FFh — Modem state unchanged 
= 0Oh — Modem turned OFF 
= Olh — Modem turned ON 
DL = Fixed disk drive TIME-OUT (1..18 minutes) (Note) 
If CF = 1 
AH = Oth — Input is out of range 
= 02h — No modem present 


NOTE: If the system is externally powered, the fixed disk drive and system inactivity 
time-outs cannot be changed. 
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INT 15h, AH = 4Fh — Keyboard Scan Code Intercept (LTE/286 only) 
When a keyboard scan code is read from the controller by the keyboard BIOS, it invokes 
INT 15h function 4Fh with the scan code in register AL and the carry flag set. This allows 
applications to trap INT 15h to examine and or modify the scan codes generated by the 
keyboard. Upon return to the keyboard BIOS, the BIOS discards the scan code if the carry flag 
has been reset. Otherwise, the scan code in register AL is encoded as usual. 


INPUT: AH = 4Fh 
AL = Scan code received from the keyboard 


CF = 1 


OUTPUT: If CF =1, AL = Scan code to be used by the BIOS 
If CF = 0, BIOS discards the scan code. 


INT 15h, AH = 80h — Device Open (LTE/286 only) 
INT 15h, AH = 80h is a dummy routine that a user-written dispatcher is expected to trap. The 
BIOS returns with AH = OOh, CF = 0, IF = 1. 


INPUT: AH = 80h 
BX = Device ID 
CX = Process ID 


OUTPUT: AH = 00h 
CF =0,IF=1 


INT 15h, AH = 81h — Device Close (LTE/286 only) 
INT 15h, AH = 81h is a dummy routine that a user-written dispatcher is expected to trap. The 
BIOS returns with AH = OOh, CF = 0, IF = 1. 


INPUT: AH = 81h 
BX = Device ID 
CX = Process ID 


OUTPUT: AH = 00h 
CF = 0, IF = 1 
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INT 15h, AH = 82h — Program Terminate (LTE/286 only) 
INT 15h, AH = 82h is a dummy routine that a user-written dispatcher is expected to trap. This 
routine serves as a dummy routine for multitasking support. The BIOS returns with AH = 00h, 
ww CF = 0, IF = 1. 


INPUT: AH = 82h 
BX = Process ID 


OUTPUT: AH = 00h 
CF2=0, IFS 1 


INT 15h, AH = 83h, AL = 00h — Set Event Wait (LTE/286 only) 


A call to INT 15h, AH = 83h always returns immediately. The calling program is expected to 
poll the semaphore byte to determine completion of the wait period. 


INPUT: AH = 83h 
AL = 00h 
ES:BX = Pointer to semaphore byte in user memory; bit < 7 > of the 
semaphore byte is set when the wait time expires. 
CX = High count of number of microseconds to wait 
— DX = Low count of number of microseconds to wait 


OUTPUT: CF=0-TIfno previously defined event is active when Event Wait is called 
CF = 1 — If a previously defined event ts still active 


Bit < 7 > of the user’s semaphore byte is not reset by this call prior to performing the 
Event Wait. 


The timing resolution of this call is 976 us, since RTC periodic interrupts are used to 
implement this function. 


INT 15h, AH = 83h, AL = 01h — Cancel Event Wait (LTE/286 only) 
This function is used to cancel an Event Wait performed with the function 
INT 15h, AH = 83h, AL = OOh. 


INPUT: AH = 83h 
AL = Olh 


OUTPUT: None 
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INT 15h, AH = 84h — Joystick (LTE/286 only) 
INT 15h, AH = 84h reads the joystick switch settings and the joystick potentiometer (POT) 
values. This function assumes that a standard joystick interface is being used. (Refer to the 
documentation accompanying the joystick for further information.) 


INPUT: AH = 84h 
DX = 0000h — Read joystick switches 


OUTPUT: AH = 00h 
AL = Switch settings 
CF = 0, IF=1 







ge Varies (joystick-dependent) 


2c... 


INPUT: AH = 84h 
DX = 0001h — Read Joystick POT 


OUTPUT: AX = A(x) POT Value 
BX = A(y) POT Value 
CX = B(x) POT Value 
DX = B(y) POT Value 
CF = 0 
IF = 1 


For invalid joystick subfunction codes in DX, the BIOS returns AH = 86h, CF = 1, and IF = 1. 


When a 250-kohm joystick is used, the range of returned values to be expected for the 
potentiometers range from a low of 0 to a high of approximately 416 (O1AOh). If a game 
interface is not installed when these functions are invoked, appropriate values are still returned. 
That is, the values returned for the switches are ones, meaning that the buttons are open, and 
the values returned for the potentiometers need to be zeros. 
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INT 15h, AH = 85h —- SYS REQ Key Routine 
When the SYS REQ key is pressed, the keyboard interrupt handler invokes INT 15h with 
AH = 85h, AL = 00h. When the SYS REQ key is released, the keyboard interrupt handler 
wy invokes INT 15h with AH = 85h, AL = O1h. The BIOS INT 15h Make and Break functions are 
actually default dummy routines. To make use of the SYS REQ key, system software must trap 
these functions and provide a handler routine. 


SYS REQ Key Pressed (Make): 


INPUT: AH = 85h 
AL = 00h (Make) 


OUTPUT: AH = 00h 
CF = 0, IF = 1 


SYS REQ Key Released (Break): 


INPUT: AH = 85h 
AL = Oth (Break) 


OUTPUT: AH = 00h 
CF = 0, IF = 1 


eg For invalid SYS REQ key subfunction codes in AL, the BIOS returns AH = 00h, CF = 0, 
IF = 1. 


INT 15h, AH = 86h — Unconditional Wait (LTE/286 only) 
INT 15h, AH = 86h performs an unconditional wait. Control does not return to the calling 
program until the time period has expired. 


INPUT: AH = 86h 
CX = High count of number of microseconds to wait 
DX = Low count of number of microseconds to wait 


OUTPUT: CF =0, Wait was performed 
= 1, Wait was not performed (Event Wait was currently active) 
IF = 1 


If an Event Wait (AH = 83h) is active when this function is called, then the wait is not 
performed and CF = 1. If an Event Wait is not active, the function waits the specified time 
period and returns with CF = 0. The resolution of this call is 976 us, since RTC periodic 
interrupts are used to implement this function. 
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INT 15h, AH = 87h — Move Block (LTE/286 only) 
INT 15h, AH = 87h moves (copies) a block of data to or from anywhere in physical memory. 


Move Block normally is used to move data to or from expansion memory (above 1 megabyte) 
because Real mode addressing can only address the first megabyte of RAM. 


The Move Block is performed with interrupts disabled; therefore, the tick counter is not 


updated during the move. 


INPUT: AH = 87h 


CX = Number of words to move (max 8000h) 
ES:SI = Pointer to Move Block Descriptor Table 


OUTPUT: AH = 00h If OK 


= Oth If parity error 
= Q2h If exception error 


= O3h If gate address bit A20 fails 


ZF = 1 


CF = O If block move was successful 


ZF =0 


CF = 1 If block move had an error 


The following chart shows the format of Move Block Descriptor Table pointed to by the 


ES:SI registers. 





Dummy Descriptor 
GDT Descriptor 
sources Segment Descriptor 






Target Segment Descriptor 
BIOS CS Segment Descriptor 
BIOS SS Segment Descriptor 









= Entries [0], [1], [4], and [5] should all be initialized by the caller to 8 bytes of 00h each. 


= Entries [2] and [3] must be valid descriptors containing the appropriate base addresses, limit 


values, and access rights. 
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GDT [1] 
GDT [2] 
GDT [3] 
GDT [4] 
GDT [5] 
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INT 15h, AH = 88h — Extended Memory Determination (LTE/286 only) 
INT 15h, AH = 88h returns the amount of memory above 1 megabyte. 


w INPUT: AH = 88h 
OUTPUT: AX = Number of 1-Kbyte blocks above 1 megabyte. Flags are unaffected. 


INT 15h, AH = 89h — Enter Protected Mode (LTE/286 only) 


Upon return from the function call, the caller is executing in Protected mode. Address line A20 
is enabled, and both Interrupt Controller 1 and Interrupt Controller 2 are reconfigured to use the 
interrupt base as specified by the user in registers BH and BL respectively. 


Interrupts are disabled at the processor level, and the interrupt mask registers (IMR) of both 
Interrupt Controller 1 and Interrupt Controller 2 are also disabled upon return. A completion 
code is returned in register AH. If AH returns with a value of OOh, then the transition to 
Protected mode has completed successfully. A non-zero value in AH signifies that the gate for 
address line A20 could not be enabled (due to hardware failure) and the caller is still executing 
in Real mode. 


INPUT: AH = 89h 
BH = Interrupt base for IRQO 
er BL = Interrupt base for IRQ8 
ES:SI = Pointer to descriptor table 


The following chart shows the format of the Move Block Descriptor Table to which the ES:SI 
registers point: 















GDT (0) 
GDT [1] 
cor f 
ent fs 
GDT [4] 
Sor 
GDT [6] 
aor 
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Entries [OQ] and [7] should be initialized to zeros (null) by the caller. 
Entry [1] MUST contain the base address and limit for the GDT itself. 


Entry [2] must be initialized with a base address and a limit that points to an IDT table 
supplied by the caller; the caller must also supply all interrupt handlers. 


= Entries [3], [4], and [5] contain the base address, limit, and access rights of the DS, ES, and 
SS descriptors to be used in Protected mode. 


m The base address of entry [6] should be the caller’s code-segment address expressed as a 
24-bit base address, since the function call expects to return to the instruction following the 
INT 15h instruction. 


OUTPUT: AH = 0Oh If OK 
= FFh If A20 gate fails 
DS = User-defined selector 
ES = User-defined selector 
SS = User-defined selector 
CS = User-defined selector 
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INT 15h, AH = 90h — Device Wait 
INT 15h, AH = 90h can be used for multitasking support programming. 


INPUT: AH = 90h 
AL = Type code 
OOh..7Fh — Not reentrant 
8Oh..BFh — Reentrant 
COh..FFh — Wait only 
ES:BX = Pointer to request block for device types 80h..BFh 


OUTPUT: AH = 0O0Oh 
CF =0, IF = 1 


The fixed disk drive, diskette drive, keyboard, and printer ROM drivers all make a call to 
Device Wait prior to performing a TIME-OUT. This permits a user-written dispatcher to place 
another task in execution while the device TIME-OUT is taking place, thereby achieving better 
processor throughput. 


The ROM device driver tests the carry flag to determine whether the dispatcher has performed 
the TIME-OUT or whether the ROM driver should perform its usual TIME-OUT. If CF = 1 
upon return from the Device Wait function call, the ROM driver assumes a dispatcher has 
performed the device TIME-OUT; otherwise, the ROM device driver performs the usual 
TIME-OUT. 


If Device Wait is not trapped by a user-written dispatcher, its usual function is to return 
AH = 0, CF = 0, IF = 1, regardless of the type code in AL, in effect telling the ROM driver 
to perform its own TIME-OUT. See the table 9-17. 
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INT 15h, AH = 91h Device Post 
INT 15h, AH = 91h Device Post can be used for multitasking programming purposes. 


INPUT: AH = 91h 


AL = Type Code wv 
OOh..7Fh — Not reentrant 
80h..BFh — Reentrant 
COh..FFh — Wait only 
ES:BX = Pointer to request block for device types 80h..BFh 
OUTPUT: AH = OOh, flags unaffected 
The Device Post supplies the mechanism to signal a user-written dispatcher that the device is 
ready and the task associated with the device can be placed in execution once again. 
This function call is invoked by interrupt-driven BIOS device handlers, including the fixed disk 
drive, diskette drive, and keyboard drivers. The printer BIOS code does not invoke this 
function, because printer devices are not interrupt-driven. The BIOS communication functions 
do not invoke either the Device Wait or the Device Post function call. Although communication 
I/O is not interrupt-driven, time-outs are performed during communication. However, the 
communication I/O BIOS does not make Device Wait calls. 
If the Device Post function is not trapped by a user-written dispatcher, its usual function is to —_J 


clear AH and return with the flags unchanged, regardless of the type code supplied in AL. 


The following table describes the Device Post function: 
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Table 9-17. 
Device Post Functions 
Type Code Class Description 
OOh..7Fh Not reentrant The device and associated re—entrant ROM code are 


serially reusable (that is, not reentrant). It is the 
responsibility of the user-supplied dispatcher to 
serialize access within a multitasking environment. An 
example of this type of device is a diskette drive. 





80h..BFh Reentrant The device type is re-entrant, and ES:BX is used to supply 
the address of a request packet for each of the possibly 
simultaneous calls. An example of this type of device is an 
installable device driver for network access. 





COh..FFh Wait only This type of device performs time-outs, but is not Device 
Wait driven. Therefore, Device Waits are executed, but no 
corresponding Device Post takes place. The length of the 
TIME-OUT is DEVICE WAIT. An example of this type of 
device is a printer. 





When Device Wait and Device Post are invoked by the ROM device drivers, the specific 
device type is supplied in AL. The device values for register AL are given in the 
following table. 





Table 9-18. 
Device Values 





Device AL Value 


Fixed Disk Drive Access OOh 
Diskette Drive Access O1h 
Keyboard O2h 
Diskette Drive Motor Start FDh 
Printer FEh 





9-93 
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For fixed disk drive and diskette drive accesses, a Device Wait is performed by the BIOS 
whenever a request is issued to the fixed disk drive controller or diskette drive controller. A 
Device Post is performed when the controller issues the interrupt signaling the completion of 
the request. For diskette drive motor start, no interrupt exists that signifies motor start 
completion, so no corresponding Device Post takes place. 


The Get Key Status or Get Key Enhanced Status keyboard functions (INT 16h, AH = 00h) 
perform a Device Wait if no character is available currently in the keyboard queue. A Device 
Post is performed by the keyboard BIOS Interrupt handler once a keycode is placed in the 
keyboard queue. 


Keys and key combinations that do not cause something to be placed in the keyboard queue 
(such as simply pressing and releasing the CAPS LOCK key) do not cause a Device Post. 
Pause (CTRL + NUM LOCK) does not perform either a Device Wait or a Device Post. 


The Print Character BIOS function (INT 17h, AH = 00h) performs a Device Wait if the printer 
device is not currently ready to accept a character, thereby causing a time-out to be performed. 


INT 15h, AH = COh — Return Machine Environment 


This function is used to request the system environment from the BIOS. Registers ES:BX 
return a pointer to a table containing various system configuration parameters. 


INPUT: AH = COh 
OUTPUT: ES:BX = Pointer to system configuration table 
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Table 9-19. 

system Configuration 
Byte in Parameter 
Table Parameter Size LTE/286 LTE 
0 Length of table (in bytes) Word O008h OO0O08h 
2 system Model Bytes FCh FBh 
3 System Type Bytes Oth OOh 
4 BIOS Revision Level Bytes OOh Oth 
5 Miscellaneous Configuration 


Parameters Bytes 70h BOh 
BIT FUNCTION 














7 DMA Channel 3 in use 

6 Cascaded Interrupt 

5 Real-time clock available 

4 Keyboard intercept available 

3..0 Reserved 

6 Reserved Bytes OOh OOh 
7 Reserved Bytes OOh OOh 
8 Reserved Bytes 00h OOh 
9 Reserved Bytes OOh OOh 
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INT 18h — SW — Boot Fail [0000:0060] 
An INT 18h is issued by the system ROM when system bootstrap attempts from both the 
diskette and the fixed disk drives are unsuccessful. The initialization code of a custom ROM 
can change the INT 18h vector to point to a custom—ROM code that attempts to boot from 
another device, such as a special disk or network. The contents of the INT 18h vector should be 
preserved. If the attempt to boot the system on another device fails, the custom ROM should 
transfer control to the standard INT 18h vector. In this manner, the system can follow a 
sequence of bootstrap attempts on different devices. 


ROM ENTRY: Points to Boot Fail handler 


ROM ACTION: | This vector is initialized by the system ROM to point to the code that 
outputs the diskette error message “Replace and strike any key when ready,” then waits for 
the user to press any key. On receipt of a keystroke, the ROM attempts a re-boot by issuing an 
INT 19h. 


INT 19h — SW — Bootstrap [0000:0064] 


INT 19h reads the bootstrap loader from the system disk and transfers control to it. 
ROM ENTRY: Points to Bootstrap ROM entry point 


ROM ACTION: Enables interrupts. Three attempts are then made to read the boot sector into 
location 0000:7CO00. If these fail, INT 18h 1s called. 
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9.12 TICK COUNTER/REAL-TIME 
CLOCK (RTC) INTERRUPTS 


The tick counter/RTC interrupts provide all time-keeping functions in the BIOS. The 
w tick counter/RTC interrupts are actually two separate services attached to two different 
hardware elements. 


= The tick counter is one counter of the Programmable Interval Timer and is provided chiefly 
for compatibility with software written for 8088/8086-based products. 


@ The real-time clock is part of the MC146818 equivalent RTC and Configuration Memory 
device and is powered by its own battery. The RTC provides battery-backed-up 
time-of-day information and alarm service in a binary-coded decimal (BCD) format. In 
the COMPAQ LTE Personal Computer, the RTC maintains its function no matter what the 
power condition of the computer itself—off, in Standby, or battery— or externally-powered. 


During power-on, the BIOS uses the RTC to initialize the tick counter. Thereafter, the tick 
counter maintains a 32-bit counter in the BIOS RAM area that contains the number of ticks 
since midnight. Ticks arrive from hardware interrupt IRQO and are vectored through INT 08h 
at a rate of approximately 18.2 ticks per second (18.2 Hz). When the counter reaches 1573040 
(24 hours), it rolls over to zero and sets a rolled-over flag in BIOS RAM. 


~— In addition to time-keeping, the tick counter also decrements a countdown timer variable in 
BIOS RAM, and when zero is reached, turns off the diskette drive motors. A periodic interrupt 
to application software is provided by the BIOS calling INT 1Ch every tick. The vector in 
INT 1Ch is initialized at power-on to point to a dummy interrupt return. 


RTC BIOS support provides an interface to the real-time clock portion of the MC146818 
Calendar Clock/Configuration Memory device. This device maintains the time-of-day and an 
alarm function in hardware. When enabled, it also interrupts the processor on IRQ8 vectored 
through INT 70h at a rate of 1024 interrupts per second (one every 976 us). 


Three software services are driven by the RTC hardware interrupt to IRQ8: 
@ Event Wait (INT 15h, AH = 83h) 

@ Unconditional Wait (INT 15h, AH = 86h) 

See their respective descriptions for further information. 


Table 9-20 lists the system interrupts and memory locations used by Tick Counter/ Real-Time 
Clock interrupts. 
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Table 9-20. 
System Interrupts and Memory Location 

Memory 

Interrupt Type __ Location Bytes Function 

O8h HW 0000:0020 4 IRQO, Tick Counter 

1Ah SW 0000:0068 4 Tick Counter/RTC 

1Ch SW 0000:0070 4 Tick Counter Service 

4Ah SW 0000:0128 4 RTC Alarm Service 

70h HW 0000:01C0 4 IRQ8, RTC Interrupt (LTE/286) 
0040:006B 1 Interrupt-Occurred Flag 
0040:006C 4 Timer Ticks Since Midnight 
0040:0070 1 Timer-Rolled-Over Flag 
0040:0098 1 Pointer to Caller’s Wait Flag (LTE/286) 
0040:009C 4 Wait Count (32-bit) (LTE/286) 
0040:00A0 1 Wait Active Flag (LTE/286) 
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INT 08h — HW — IRQO, Tick Counter — CPU — 
Double-Exception Error [0000:0020] 


INT O8h can be reached in either of two ways: 
@ Normally, INT 08h handles the tick counter hardware interrupts from IRQO. 


m In Protected mode, the 80C286 issues INT 08h when it detects a Double-Exception Error 
(processor cannot continue). 


Operating system software running in Protected mode can readily relocate hardware interrupts 
IRQO through [RQ7 to another block of eight interrupt vectors to avoid conflict. (See INT 15h 
AH = 89h.) 


? 


INT O8h is hardware-initiated by the output of Interval Timer Counter 0 at a rate of 18.2 times 
per second (18.2 Hz). INT 08h is used to provide time-keeping functions, to turn off the 
diskette drive motors, and to make calls to INT 1Ch. The contents of the counter can be set or 
read by calls to INT 1Ah and can be used to keep track of elapsed time (since midnight). A 
user-supplied routine may also be periodically invoked from INT 1Ch. (See INT 1Ah and 

INT 1Ch for details.) The vector for this interrupt is normally not changed by the user. 


ROM ENTRY: Points to ROM Tick-Counter Interrupt handler 


ROM ACTION: ROM code increments the contents of a 32-bit double word. When the count 
reaches 1573040 (001800B0h), a flag is set (=1), indicating that 24 hours has elapsed since the 
last read and that the 32-bit double word is cleared to 0 for the next day’s incrementing. 
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INT 1Ah — SW -— Tick Counter/RTC [0000:0068] 
INT 1Ah reads or sets the tick counter, RTC time, RTC date, or RTC alarm. The tick counter is 
a 32-bit location in BIOS RAM that is incremented 18.2 times per second, that is, once for each 
INT O8h hardware interrupt. When a count of 1573040 (001800BOh) is reached (24 hours), the 
BIOS resets the tick counter to O and sets the rolled-over flag in location 0040:0070 to a 1. 
System software normally initializes this counter to the time of day as represented by ticks 
since midnight. 


RTC functions handle I/O to the MC146818 RTC equivalent and Configuration Memory 
Device and maintain a 32-bit event wait counter in BIOS RAM. The RTC operates 
independently of the tick counter. 


ROM ENTRY: Points to tick counter/RTC ROM entry point 





ROM ACTION: Upon entry, control is transferred to one of eight routines based on the 
function code in register AH. Illegal function codes cause control to simply return to the calling 
program. All registers are preserved except those returning a value. 


A summary of the tick counter/RTC functions (INT 1Ah) follows. 














Table 9-21. ww 
Tick Counter/RTC Function Summary 
AH Function 
OOh Read Tick Counter 
O1h Set Tick Counter 
O2h Read RTC Time 
O3h set RTC Time 
04h Read RTC Time 
O5h Set RTC Date 
O6h Set RTC Alarm (LTE/186 Only) 
O7h Reset RTC Alarm (LTE/186 Only) 


The only tick counter/RTC function (INT 1Ah) that affects the caller’s flags is the Set RTC 
Alarm function. The carry flag (CF) and interrupt flag (IF) are set to “1 ”’when the alarm 1s 
already set, or active. 
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INT 1Ah, AH = 00h — Read Tick Counter 
INT 1Ah, AH = 00h reads the contents of the tick counter and places these values in the 
output registers. 
INPUT: AH = 00h 


OUTPUT: AL = Rolled-Over flag = 1 when 24 hours have elapsed since last read 
CX = High portion of count 
DX = Low portion of count 


The Rolled-Over flag is cleared by this interrupt. 
The tick counter increments continuously: 
@ 18.2 times per second M 65,543 times per hour 


@ 1,092 times per minute ® 1,573,040 times per day 


INT 1Ah, AH = Oth — Set Tick Counter 
INT 1Ah, AH = 01h loads the tick counter with the specified values. The Rolled—Over flag is 
cleared by this interrupt. 
INPUT: AH = Oth 


CX = High portion of count 
DX = Low portion of count 


OUTPUT: None 


INT 1Ah, AH = 02h — Read RTC Time 
INT 1Ah, AH = 02h reads the RTC time and places the value in the output registers. 


INPUT: AH = 02h 


OUTPUT: CH= BCD Hours 
CL = BCD Minutes 
DH = BCD Seconds 
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INT 1Ah, AH = 03h — Set RTC Time 
INT 1Ah, AH = 03h loads the specified values into the RTC time register. 


INPUT: AH = O3h 
CH = BCD Hours 
CL = BCD Minutes 
DH = BCD Seconds 
DL = 00h If Standard Time (ST) 
= Olh If Daylight Savings Time (DST) 


OUTPUT: None 


INT 1Ah, AH = 04h — Read RTC Date 
INT 1Ah, AH = 04h reads the date values from the RTC registers and stores these values in the 
output registers. 


INPUT: AH = 04h 


OUTPUT: CH= BCD Century 
CL = BCD Year 
DH = BCD Month 
DL = BCD Day 


INT 1Ah, AH = 05h — Set RTC Date 
INT 1Ah, AH = 05h loads the specified values into the RTC date registers. 


INPUT: AH = 05h 
CH = BCD Century (19 or 20) 
CL = BCD Year 
DH = BCD Month 
DL = BCD Day 


OUTPUT: None 
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INT 1Ah, AH = 06h - Set RTC Alarm (LTE/286 Only) 
INT 1Ah, AH = 06h loads the specified values into the RTC alarm register. 


INPUT: AH = 06h 
CH = BCD Hours 
CL = BCD Minutes 
DH = BCD Seconds 


OUTPUT: Flags unaffected if alarm is not pending 
CF = 1 
IF = 1, when an alarm is already pending 


The RTC interrupt ([RQ8) is enabled on Interrupt Controller 2 by the Set RTC Alarm function, 
but is not disabled by the Reset RTC Alarm function call. 


INT 1Ah, AH = 07h — Reset RTC Alarm [0000:0068] (LTE/286 Only) 
INT 1Ah, AH = O7h resets the RTC Alarm register. 


INPUT: AH = O7h 
OUTPUT: None 


INT 1Ch — SW - Tick Counter Service [0000:0070] 
INT 1Ch is called from the ROM at every interval-timer clock tick to provide the user with a 
means of executing code on a periodic basis (18.2 times per second). The vector for this 
interrupt can be changed to point to a user-supplied routine to be called at each hardware timer 
clock tick. The user routine must save all registers used and return with IRET. 


ROM ENTRY: Points to a dummy interrupt return 
ROM ACTION: | Returns 


INT 4Ah — SW — RTC Alarm Service [0000:0128] (LTE/286 Only) 
INT 4Ah interrupt is called from the ROM when the alarm function of the RTC has been 
enabled and the desired time reached. INT 4Ah 1s provided to notify user programs when a 
specified time of day is reached. The vector for this interrupt can be changed by system 
software or an applications program to point to a user-supplied routine. 


ROM ENTRY: | Points to a dummy interrupt return 
ROM ACTION: _ Returns 
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INT 70h — HW — IRQ8, RTC Interrupt [0000:001C] (LTE/286 Only) 


When enabled, the RTC device interrupts the processor approximately every 976 us, which is 
the period of the RTC clock. 


ROM ENTRY: | Points to RTC interrupt handler 


ROM ACTION: | The interrupt handler performs an EOI (End of Interrupt) to Interrupt 
Controller 2 (slave), then does an EOI to Interrupt Controller 1 (master). The handler 
recognizes alarm interrupts and periodic interrupts. The periodic interrupt is used to implement 
the Wait and Event Wait (unconditional) INT 15h functions. 


When a periodic interrupt occurs, a check is made to ensure that a Wait or Event Wait is 
defined. If so, the 32—bit counter in RAM locations 0040:009C and 0040:009E is decremented 
and checked for completion. If the TIME-OUT has expired, the periodic interrupt enable is 
disabled and the Wait Active flag in RAM at 0040:00A0 1s cleared, signaling the user’s 
semaphore. This semaphore is bit < 7 > of a byte pointed to by location 0040:0098. 


When a Timer Alarm interrupt occurs, a call to INT 4Ah is performed. The caller is expected 
to intercept INT 4Ah before calling the Set Alarm function. This action is used by BIOS to 
implement the event timer and alarm functions. 


INPUT: None 
OUTPUT: Event Wait timer is decremented 
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9.13 VIDEO INTERRUPTS 


The BIOS Video interrupts provide access to the video display controller using software 
interrupt INT10h. 

Many functions are provided by the video-related BIOS, including: 

@ ‘Initializing the display in one of several formats 

@ Reading from or writing to the screen memory 


@ Scrolling a window on the display 


During power-on, the BIOS checks the configuration memory, byte (0040:0010), bits < 5..4 > 
to determine the type of display used initially. The initial display mode can be either 1) 40 x 25 
color/graphics or 80 x 25 character text mode or 2) the monochrome/text display in 80 x 25 
character format. 


Use the Set Video Mode command (INT 10h, AH = 00h) to initialize the video 
display controller. 


Whether to use BIOS or to access the screen memory directly depends on how much software 
portability or application performance is needed. 


wy Updating the screen memory of the COMPAQ Video Display requires no waiting for display 
retrace or screen blanking periods. However, most color/graphics display controllers require 
screen memory to be updated (or read) only when the display 1s inactive. This requirement 
prevents display “snow” from appearing on the screen during access. 
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Table 9-22 shows the Video BIOS modes supported, the relationship between VGA and other 
industry standards, and operating characteristics. 


ww 
Table 9-22. 
Video BIOS Modes 
Operating Characteristics 
Video Number 
Video BIOS Pixel of 
Config Mode Format Resolution Colors 
CGA 0 40 x 25 Text 320 x 200 16 external (see note) 
CGA 1 40 x 25 Text 320 x 200 16 external (see note) 
CGA 2 80 x 25 Text 320 x 200 16 external (see note) 
CGA 3 80 x 25 Text 640 x 200 16 external (see note) 
CGA 4 Graphics 640 x 200 4 
CGA 5 Graphics 320 x 200 4 
CGA 6 80 x 25 Text 320 x 200 2 
NOTE: LCD Panel capable of displaying four shades of gray. J 


Initialization Power-On Self-Test 


When an error is detected during the POST, the system speaker sounds one long beep followed 
by two short beeps. Beeps are at 1200 hertz (Hz) instead of the typical 900 Hz used by the 
system board for errors. This beep pattern localizes the problem to either the system or I/O 
board. During the power-on self-test process, more than one error can occur, and multiple sets 
of beeps and error codes may be output. At the end of the power-on self-test process, both ports 
0084h and O085h are reset to OOh to indicate the end of the power-on self-test process. 


Video Interrupts 


The Video BIOS uses five interrupts to perform all video functions. A sixth interrupt, INT OAh, 
is available for the Vertical Blanking interrupt feature. The interrupts and other memory 
locations used are listed in Table 9-18. 
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Table 9-23. 

Memory Locations Used by Video Interrupts 
a 


Interrupt 
O5h 
OAh 
10h 
1Fh 


Type 
SW 
HW 
HW 
PTR 


Memory 
Location 


0000:0014 
0000:0028 
0000:0040 
0000:007C 
0040:0049 
0040:004A 
0040:004C 
0040:004E 
0040:0050 
0040:0060 
0040:0062 
0040:0063 
0040:0065 
0040:0066 
0040:0084 
0040:0085 
0040:0087 
0040:0100 


Bytes 


4 
4 
4 
4 
1 
2 
2 
2 


2 
1 
2 
1 
1 
1 
2 
1 
1 


Function 

Print Screen 

Vertical Blanking (LTE/286) 

Video I/O 

Graphics Dot Table Vector 

Current Video Mode 

Number of Columns on Screen 

Length of Screen Regeneration Buffer (in bytes) 
Start of Screen Regeneration Buffer in Video Memory 
Cursor Save Area for Each Page (8 entries) 
Cursor Mode (start and end scan line) 

Current Page Being Displayed 

Base Address of Active Video Interface Board. 
Current Mode 

Current Color 

Number of character Rows —1 

bytes per Character 

Miscellaneous Information 

Print Screen Status 


— eee SSS SSS SSS ST sls SD 


xO n—nk eee eee 
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INT 05h — SW -— Print Screen [0000:0014] 
INT 05h is called to perform a text print-screen function, using INT 10h function calls to 
handle the screen and INT 17h function calls to output text to the printer. This print screen 
handler replaces the existing system ROM INT 05h handler when the Alternate Select function 
(INT 10h, AH = 12h, AL = 00h, BL = 20h) is invoked. It permits printing of text screens of 
greater or fewer than 25 rows by referencing the V_ROWS variable in BIOS RAM. 


ROM ACTION: When INT 05h is called, the ROM saves the current cursor location. Address 
0040:0100 contains the status of the print screen operation (see V_PRTSC below). If the printer 
is offline or otherwise not ready, the print screen function will TIME-OUT in one character 
time. When printing is complete,the cursor position is restored. Trailing spaces are not 
compressed. All registers are preserved across the call. 


INT 10h — SW — Video I/O [0000:0046] 
INT 10h is called to perform all video-related BIOS support functions. 


ROM ACTION: Upon entry, ROM transfers control to one of 24 routines, based on the 
function code in register AH. Illegal function codes call the system ROM via INT 42h. All 
registers that do not return information are preserved. 


nN ENTE 
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Table 9-24. 
INT 10h Video BIOS Calls 





a 
Interrupt Video I/O 
AH=00h Set Mode 
AH=01h Set Cursor Type 
AH=02h set Cursor Position 
AH=03h Read Cursor Position 
AH=05h Select Active Display Page 
AH=06h scroll Active Page Up 
AH=07h scroll Active Page Down 
AH=08h Read Attribute/Character at Current Cursor Position 
AH=09h Write Attribute/Character at Current Cursor Position 
AH=0Ah Write Character Only at Current Cursor Position 
AH=0Bh set Color Palette 
AH=0Ch Write Pixel 
AH=0Dh Read Pixel 
w AH=0Eh Write TTY Character 
AH=0Fh Read Current Video State 
AH=13h Read Current Video State 
AH=14h Load Character Set 
AL=00h Load User Character Set 
AL=01h Load ROM (Default) Character Set 
AL=02h Map High Intensity Attribute 
AH=BFh Video BIOS Extensions 
AL=00h Switch to External Monitor 
AL=01h Switch to Internal Monitor 
AL=03h Get Video Environment 
AL=04h 500 ms Delay Option 
AL=05h Set Video ON/OFF 
AL=09h Enable Black Characters on White Background 
AL=0Ah Enable White Characters on Black Background 
AL=0OBh Return Current Foreground/Background Setting 


a a 
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Interrupts remain enabled and execution may be suspended if the CTRL + NUMLOCK 
keys are pressed. Functions and their related parameters are individually described on the 
following pages. 





INT 10h, AH = 00h — Set Mode 
This function specifies the display mode. 


Graphics modes 4, 5 and 6 display characters using ROM firmware to read a look-up table and 
write the appropriate dots on the screen. INT 1Fh and/or INT 43h point to the dot table(s). 


INPUT: AH = Function code = OOh 
AL = Video BIOS Mode (See Table 9-14) 


No difference exists between modes 0 and 1, 2 and 3, and 4 and 5. 
OUTPUT: None 

If Bit < 7 >of AL = 0, the display buffer is cleared after mode change. 
If Bit < 7 >of AL = 1, the display buffer is preserved after mode change. 


INT 10h, AH = Olh — Set Cursor Type 
This function establishes the type of cursor, if any, to be displayed in Text modes. The shape of 
the cursor is a function of the illuminated starting and ending scan lines, counting from scan 
line 0 at the top of the character. 


The cursor always blinks at a rate of 1/16th of the vertical frame rate. Altering the cursor using 
bits < 7..5 > is not compatible with the 6845 CRT controller in other modes and can yield 
unpredictable results. 


INPUT: AH = Olh 
CH = Start line number for cursor in bits < 4..0 > 
CL = End line number for cursor in bits < 4..0 > 


OUTPUT: None 





eS 
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INT 10h, AH = 02h — Set Cursor Position 


This function sets the cursor position on a given display page according to the row and column 
specified in register DX. The cursor is not displayed in Graphics modes; however, the BIOS 
— keeps track of it in software. 


INPUT: AH = 02h 
BH = Page number (0..7) for modes 0..3 
(O) for modes 4..6 
DH = Row (0..ROWS-1) 
DL = Column (0..39) for modes 0..1, 4..5 
(0..79) for modes 2..3, 6 


OUTPUT: None 


INT 10h, AH = 03h — Read Cursor Position 


This function reads the cursor type as defined by its starting and ending scan lines and the 
cursor position on the screen as maintained by the BIOS. 


INPUT: AH = 03h 
BH = Page number (0..3) for modes 2..3, (0..7) for modes O and 1 
(O) for modes 4..6 


OUTPUT: CH = Start scan line number for cursor in bits < 4..0 > 
CL = End scan line number for cursor in bits < 4..0 > 
DH = Row 
DL = Column 


NOTE: The raster line is returned in CH for modes 4, 5, and 6. 





INT 10h, AH = 05h — Select Active Display Page 


This function selects the active display page. The number of pages available is a function of 
the mode. 


INPUT: AH = 05h 
AL = New page value: 
(0..7) for modes 0..1 
(0..3) for modes 2..3 


OUTPUT: None 
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INT 10h, AH = 06h — Scroll Active Page Up 
This function scrolls text up within an arbitrarily-defined window which can range in size from 
one character to the entire screen. This same function call can also be used to blank a window. 
See Tables 9-15 through 9-17 for a definition of the attribute byte in register BH. 


INPUT: AH = 06h 
AL = Number of lines to scroll (0..ROWS). AL = 0 means blank entire window. 
BH = Attribute to be used on blank lines (OOh..FFh) [Mode-dependent} 
CH = Row of upper-left corner of scroll (0..DH) 
CL = Column of upper-left corner of scroll (0..DL) 
DH = Row of lower-right corner of scroll (CH..ROWS-1) 
DL = Column of lower-right corner of scroll: 
(CL..39) for modes 0..1, 4..5 
(CL..79) for modes 2..3 


OUTPUT: None 





INT 10h, AH = 07h — Scroll Active Page Down 
This function scrolls text down within an arbitrarily-defined window which can range in size 
from one character to the entire screen. This same function call can also be used to blank a 
window. See Tables 9-15 through 9-17 for a definition of the attribute byte in register BH. 


INPUT: AH = 07h 
AL = Number of lines to scroll (0..ROWS). AL = 0 means blank entire window. 
BH = Attribute to be used on blank lines (OOh..FFh) [Mode dependent] 
CH = Row of upper-left corner of scroll (0..DH) 
CL = Column of upper-left corner of scroll (0..DL) 
DH = Row of lower-right corner of scroll (CH..ROWS-1) 
DL = Column of lower-right corner of scroll 
(CL..39) for modes 0..1, 4..5 
(CL..79) for modes 2..3 


OUTPUT: None 
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INT 10h, AH = 08h — Read Attribute/Character At Current Cursor Position 
This function reads the character and its attribute at the current cursor position on a given 
display page. 
w~ For read and write character functions in Graphics mode, the characters are formed by the 
BIOS from a dot table. Interrupt vectors INT 1Fh and/or INT 43h point to the table(s). 


In the Graphics modes (modes 4..6), a space can be written with an 00h or a 20h, but only an 
OOh is read back. In these modes the attribute returned in AH is not valid. 


INPUT: AH = 08h 
BH = Page number (0..3) for modes 2,..3 (0..7) for modes 0..1 
(O) for modes 4..6 


OUTPUT: AH = Attribute of character read 
AL = Character read 
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INT 10h, AH = 09h — Write Attribute/Character At Current Cursor Position 
This function writes one or more repeated characters with attributes on a given display page at 
the current cursor position. For a definition of the color associated with the attribute byte in BL, 
see Tables 9-15 through 9-17. 





For read and write character functions in graphics mode, the characters are formed by the BIOS 
from a dot table. Interrupt vectors INT 1Fh and/or INT 43h point to the table(s). 


The maximum character count is limited in the text modes to the end of the display page. 


In graphics modes (Modes 4..6), the replication factor contained in register CX produces valid 
results only for characters on the same row. 


INPUT: AH = 09h 
AL = Character to write (OOh..FFh) 
BH = Page number 
(0..7) for modes 0 
(O) for modes 4 
BL = Attribute of character to write. In Graphics modes only (except Mode 13): 
If bit <7 > of BL = 0, the character pattern denoted by the byte in AL 
replaces the contents of the character cell. 
If bit < 7 > of BL = 1, the character pattern denoted by the byte in AL is 
XORed with the contents of the character cell. ad 
CX = Count of characters to write 
(1..1024) for modes 0..1 
(1..2048) for modes 2..3 
(1..40) for modes 4..5 
(1..80) for mode 6 


OUTPUT: None 
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INT 10h, AH = 0Ah - Write Character Only At Current Cursor Position 


This function writes one or more repeated characters on a given display page at the current 
cursor position without affecting the attribute or moving the cursor. 


For read and write character functions in graphics mode, the characters are formed by the BIOS 
from a dot table. Interrupt vectors INT 1Fh and/or INT 43h point to the table(s). 


The maximum character count is limited in the Text modes to the end of the display page. 


= In modes 4..6, (graphics modes), the maximum character count contained in register CX 
produces valid results only for characters on the same row. 


@ In modes 4..6, BL = ATTRIBUTE; otherwise, BL is ignored. 


INPUT: AH = OAh 

AL = Character to write (OOh..FFh) 

BH = Page number (0..7) for modes 0..3 
(O) for modes 4..6 

BL = Ignored 

= Attribute of character to write (in Graphics modes) 

If bit < 7 > of BL = 0, the character pattern denoted by the byte in AL replaces the 
contents of the character cell. 

If bit < 7 > of BL = 1, the character pattern denoted by the byte in AL is XORed 
with the contents of the character cell. 

CX = Count of characters to write (1..1024) for modes 0..1 
(1..2048) for modes 2..3 
(1..40) for modes 4..5 
(1..80) for modes 6 


OUTPUT: None 
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INT 10h, AH = OBh — Set Color Palette 


For Modes 4 and 5, this function selects the background color, foreground intensity, and one of 
two color palettes. In mode 6, this function selects the foreground color. The background color 
in mode 6 is always black. 


INPUT: AH = OBh 
BH = Palette color ID being set (0..1) 
BL = Color value to be used with that color ID 
Color ID = 0, Set background intensity (0..31) [modes 4 and 5] 


For modes 4 and 8: 


Foreground Intensity 
O = Not Intensified 
1 = Intensified 


Color Value 

Background Color: 
0000 = Black 1000 = Gray 
0001 = Blue 1001 = Light Blue 
0010 = Green 1010 = Light Green 
0011 = Cyan 1011 = Light Cyan 
0100 = Red 1100 = Light Red 
0101 =Magenta 1101 = Light Magenta 
0110 = Brown 1110 = Yellow 
0111 = White 1111 = Intense White 
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For Mode 6: 
Color ID —_ Function 





v Set Foreground (0..15) 
wy 
Foreground Color 
0000 = Black 1000 = Gray 
0001 = Blue 1001 = Light Blue 
0010 = Green 1010 = Light Green 
0011 = Cyan 1011 = Light Cyan 
0100 = Red 1100 = Light Red 
0101 =Magenta 1101 = Light Magenta 
0110 = Brown 1110 = Yellow 
0111 = White 1111 = Intense White 
The color values listed reflect default settings only. The actual color rendered on the screen is a 
function of palette programming. 
wy 


For Modes 4, 5, and 6: 
Color ID Function 
1 Select palette for 320 x 200 graphics 
Color Value 
QO = Green (1) / Red (2) / Brown (3) 
1 = Cyan (1) / Magenta (2) / White (3) 
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INT 10h, AH = 0Ch - Write Pixel 


This function writes a single pixel in the graphics modes. It has significance only for 
graphics modes. 


INPUT: AH = 0Ch 

AL = Color value (see Tables 9-15 through 9-17) 
(OOh..03h) or (80h..83h) for modes 4..5 
(OOh..01h) or (80h..81h) for mode 6 

If bit < 7 > of AL = 0, the color value replaces the current contents of the pixel 

If bit < 7 > of AL = 1, the color value is XORed with the current contents of 
the pixel 

BH = Page number (0) for modes 4..6 

CX = Column number (0..319) for modes 4..5 (0..639) for mode 6 

DX = Row number (0..199) for modes 4..6 


OUTPUT: None 


INT 10h, AH = 0Dh - Read Pixel 


This function reads a single pixel in Graphics mode. It has significance only for the 
graphics modes. 


INPUT: AH = ODh 
BH = Page number (Q) for modes 4..6 
CX = Column number 
(0..319) for modes 4..5 
(0..639) for modes 6 
DX = Row number 
(0..199) for modes 4..6 


OUTPUT: AL = Color value 
(OOh..03h) for modes 4..5 
(OOh..01h) for mode 6 
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INT 10h, AH = OEh — Write TTY Character 


This function writes a character to the active display page and executes the traditional 
carriage-control characters—CR, LF, BS, and BEL, then moves the cursor. When the right-most 
column of the screen is written, the cursor does a CR, LF sequence. Writes are performed only 
to the active page as defined by the contents of the location at 0040:0062. Screen width is 
controlled by the previously set mode. 


Table 9-25. 
Carriage-Control Character Functions 
CR The carriage-return character (ODh) moves the cursor to column 0 of the 
current line. 
LF The line-feed character (OAh) moves the cursor down one row on the screen, provided 


the present row is not the bottom row. If the cursor is already on the bottom row, the 
screen is scrolled up, using the attribute of the leftmost character in column 0 of the 
bottom row for the attribute of the new line. 


BS The backspace character (08h) moves the cursor one position to the left. If it is already in 
column 0, nothing happens. 


BEL The bell character (07h) causes a 900-Hz tone to sound for approximately 500 ms. 


OUTPUT: None 


INT 10h, AH = OFh — Read Current Video State 
INT 10h, AH = OFh returns the current video state. 


INPUT: AH = OFh 


OUTPUT: AH = number of character columns on screen (40 or 80) 
AL = <7..0 > = mode currently set (OOh..13h) 
BH = current active display page (0..7) 
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INT 10h, AH = 13h — Write String 
INT 10h, AH = 13h writes ASCII character strings to specified page. 


INPUT: AH = 13h J 
AL = Format code (0..3) 
O = format of string is: {char, char, ., char} and the cursor does NOT move 
1 = format of string 1s: {char, char, ..., char} and the cursor DOES move 
2 = format of string is: {char, attr, char, attr, ..., char, attr} and the cursor 
does NOT move (see note) 
3 = format of string is: {char, attr, char, attr, ..., char, attr} and the cursor 
DOES move (see note) 
BH = Page number (0..3) for Modes 2..3, (0..7) for modes 0..1 
(O) for Modes 4..6 
BL = Attribute (OOh..FFh) 
CX = Length of string 
(Text = 0 screen-size) 
(Graphics = 0..end of line) 
DH = Cursor row position (0..[rows-1]) 
DL = Cursor column position (0..[width-1]) 
ES:BP = Pointer to string 


OUTPUT: None /Y 


NOTE: Imbedded carriage control characters CR, LF, BS, and BEL do not have an associated 
attribute byte for AL = 2 or 3; the next character immediately follows. 


INT 10h, AH = BFh - Video BIOS Extensions 


This function adds extensions to the video BIOS needed for the sensing or altering of the 
hardware environment. 


INPUT: AH = BFh 
AL = 00h — Switch to external monitor 
AL = Oth — Switch to internal monitor 
AL = 03h — Get video environment 
AL = 04H — 500 ms delay option 
AL = 05h — Set video ON\OFF 
AL = 09h — Enable black characters on white background 
AL = OAh — Enable white characters on black background 
AL = OBh — Return Current Foreground/Background Setting 
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INT 10h, AH = BFh, AL = 00h — Switch To External Monitor 


This function allows the user to switch to an external monitor. 


— INPUT: AH = BFh 
AL = 00h 


OUTPUT: None 


INT 10h, AH = BFh, AL = 01h — Switch To Internal Monitor 


This function allows the user to switch from the optional external CGA monitor to the internal 
Backlit Display (LCD) 


INPUT: AH = BFh 
AL = O1h 


OUTPUT: None 


INT 10h, AH = BFh, AL = 03h — Read Video Environment 


This function returns the Control modes, and the active monitor selection. 


INPUT: AH = BFh 
AL = 03h 





OUTPUT: BH = Active display 
OOh — External mode active 
Olh — Internal mode active (LCD) 
BL = Control mode 
O8h — Switchable LCD controller present 
CH = Reserved 
CL = Modes supported 
O1h —- CGA 
DH = Internal monitor type 
09h — LCD CGA 
DL = Color Mode 
Q2h — CGA Color 
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INT 10h, AH = BFh, AL = 05h — Set Video ON/OFF 
This function turns the video display on or off. This function is unique to the COMPAQ BIOS. 
INPUT: AH = BFh 
AL = 05h 
BL = ON/OFF 
OOh = Video OFF 
Olh = Video ON 


OUTPUT: None 


INT 10h, AH = BFh, AL = 09h —- Enable Black Characters on White Background 


This function enables black characters on a white background. This function is unique to the 


COMPAQ BIOS. 
INPUT: AH = BFh 
AL = 09h 


OUTPUT: None 


INT 10h, AH = BFh, AL = OAh —- Enable White Characters on Black Background 


This function enables white characters on a black background. This function is unique to the 


COMPAQ BIOS. 
INPUT:  AH=BFh 
AL = OAh 


OUTPUT: None 


INT 10h, AH = BFh, AL = OBh — Return Current Foreground / Background Setting 


This function returns the current foreground/background settings. This function is unique to the 


COMPAQ BIOS. 
INPUT: AH = BFh 
AL = OBh 


OUTPUT: AL = Oth - Black characters on a white background 
OOh — white characters on a Black background 
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INT 1Dh — PTR — Video Parameter Table [0000:0074] 


INT 1Dh points to a table of parameters that initializes the 6845 CRT controller after a Set 
Video mode command Is issued. 


ROM ENTRY: Points to ROM Default Video Initial Parameter Table 


INT 1Dh can be used to supply a substitute parameter table for different CRT controller 
operating conditions. For example, the horizontal sync position can be changed to compensate 
for certain monitors. The vector at 0000: 0074 for INT 1Dh can be changed to point to a 
user-supplied table consisting of four 16-byte entries. 


The following chart shows the format of the video mode parameter table. 


40 x 25 Table 
Modes 0Q, 1 
80 x 25 Table 
Modes 2, 3 


Graphics Table 
Modes 4, 5, 6 


Monochrome Table 


— Mode 7 





Simultaneously pressing the CTRL+ALT+< (less-than) keys causes an INT 10h, AH = BFH, 
AL = 00h to be issued by the keyboard interrupt handler. The complementary CTRL+ALT+> 
(greater-than) key sequence causes an INT 10h, AH = BFh, AL = O1h to be issued. 
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Table 9-26. 

CRT Controller Parameters for Various Video Modes (8 x 84 character cells) 

Video Mode 

Parameter 40 x 25 80 x 25 Graphics Mono 
Horizontal total in characters 56 113 56 97 
Horizontal display in characters 40 80 40 80 
Horizontal sync position in characters 45 90 45 82 
Horizontal sync width in characters 10 10 10 15 
Vertical total in character rows 31 25 127 25 
Vertical total adjust in scan 6 6 6 6 
Vertical display in character rows 25 25 100 25 
Vertical sync position in character row 28 28 112 25 
Interlace mode 2 2 2 2 
Max scan line address 7 7 1 13 
Cursor start scan 6 6 6 11 
Cursor end scan 7 7 7 12 J 
Start address (H) 0 0 0 0 
Start address (L) 0 0 0 0 
Cursor address (H) 0 0 0 0 
Cursor address (L) 0 0 0 0 


NOTES: 1. Default values are given in decimal. 
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INT 1Fh — PTR — Dot Table [0000:007C] 
INT 1Fh points to a user-supplied dot table used to generate and read 8 x 8-dot graphics 
characters in modes 4, 5, and 6. This table is needed only for those characters within the range 
ww of 80h..FFh. 


ROM ENTRY: 0000:0000 


ROM ACTION: INT 1Fh is used exclusively by the INT 05h Print Screen and INT 10h 
Video I/O routines, and then only in the Graphics modes for the upper-128 character set. 


INPUT: None 
OUTPUT: None 
USE: The user must set INT 1Fh to point to a supplied table as follows. 
Leftmost column 
Rightmost column 
Character 


SOh: 
Top Row 


Byte Offset 
+Q000h 
+QO01h 
+002h 
+003h 
+004h 
+005h 
+Q06h 
Bottom Row 4007h 


Character . 

FFh: 

Top Row +3F8h 
+3F9h 


BottomRow = [DTT TIT] +36r 
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The following paragraphs describe how to program video memory for 8 x 8 dot patterns. 


For example, to make a question mark (?) the character for code 81h, begins at offset +008h 
(81h - 80h) x 8 = +008h. Left-justify alphanumeric characters in the cell. Visible dots are 
usually composed of two adjacent cells ON. The bottom row is normally blank (00h), except 
for descenders and special graphics characters. 


Contents Offset 
78h +008h 
CCh +009h 
OCh +Q0Ah 
18h +00Bh 
30h +00Ch 
OOh +QQ0Dh 
30h +QOEh 
OOh +QOFh 





9.14 MISCELLANEOUS 
INTERRUPTS (LTE/286) 
This section contains information on the unused hardware interrupts and miscellaneous 
information locations in the BIOS ROM. Six unused interrupts, listed in the table below, are 
available for use by optional interface boards and user-written applications or system software. 


Interrupts 
INT OAh 
INT ODh 
INT 71h 
INT 72h 
INT 73h 
INT 74h 


Table 9-27. 
Miscellaneous Interrupts 
Type Function 
HW Simulated IRQ2 
HW IRQ5 
HW IRQ9 
HW IRQ10 
HW IRQ11 
HW IRQ12 
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When the system encounters one of these interrupts, it jumps to the address pointed to by 
the vector for that interrupt. The following table lists the memory locations where these 
' vectors reside. 


Table 9-28. 
Memory Locations Used by Miscellaneous Interrupts 

Memory Location Bytes Function 

0000:0028 4 INT OAh Vector 

0000:0034 4 INT ODh Vector 

0000:01C4 4 INT 71h Vector 

0000:01C8 4 INT 72h Vector 

0000:01CC 4 INT 73h Vector 

0000:01D0 4 INT 74h Vector 


INT 0Ah — HW — Simulated IRQ2 — CPU — Invalid TSS [0000:0028] 

— INT OAh provides compatibility with 8088/8086-based products that expect pin B04 of the 
system bus to be connected to IRQ2. Bus pin B04 of the expansion bus is connected to IRQ9, 
which is vectored through INT 71h. Therefore, for system compatibility with 8088/8086-based 
products, IRQ9 interrupts vectored through INT 71h are redirected by the BIOS to INT OAh. 


INT OAh masks the interrupt (INT), sends an EOI, and returns control to the calling program. 
The operating system software, running in the Protected mode, can readily relocate hardware 
interrupts IRQO to IRQ7 to another block of eight interrupt vectors to avoid conflict with the 
CPU interrupt. (See INT 15h, AH = 89h.) It is the responsibility of the operating system or the 
application program to set up the vector to process this interrupt. 


ROM ENTRY: Points to an interrupt return 
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INT 0Dh — HW — IRQS5 — CPU — General Protection [0000:0034] 
INT ODh normally handles the interrupts from IRQ5, which is unused. However, if the system 
is Operating in Protected mode, INT ODh is also issued by the 80C286 when a General 
Protection exception 1s detected. 





INT ODh is not processed by the BIOS other than to return control to the calling program. 


Operating system software running in Protected mode can readily relocate hardware interrupts 
IRQO through IRQ7 to another block of eight interrupt vectors to avoid conflict with the CPU 
interrupt. (See INT 15h, AH = 89h.) It is the responsibility of the operating system or the 
application program to set up the vector to process this interrupt. 


ROM ENTRY: Points to an interrupt return 


INT 71h — HW — IRQ9 [0000:01C4] 
INT 71h receives the interrupts from IRQ9. 


On 8088/8086-based products, bus pin B04 of the expansion bus is connected to IRQ2, which 
is vectored through INT OAh. On the COMPAQ LTE, bus pin B04 is connected to IRQ9, 
which is vectored through INT 71h. For system compatibility with 8088/8086-based products, 
interrupts vectored through INT 71h are redirected by the BIOS to INT OAh. It is the 
responsibility of the operating system or the application program to set up this vector for 
useful action. 


ROM ENTRY: Points to IRQ9 handler 


INT 72h — HW — IRQ10 [0000:01C8] 
INT 72h receives the interrupts from IRQ10. INT 72h is not processed by the BIOS other than 
to return control to the calling program. It is the responsibility of the operating system or the 
application program to set up this vector for useful action. 


ROM ENTRY: Points to an interrupt return 


INT 73h — HW — IRQ11 [0000:01CC] 
INT 73h receives the interrupts from IRQ11. INT 73h 1s not processed by the BIOS other than 
to return control to the calling program. It is the responsibility of the operating system or the 
application program to set up this vector for useful action. 





ROM ENTRY: Points to an interrupt return 
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INT 74h —- HW — IRQ12, Pointing Device Interrupt [0000:01D0] 
INT 74h occurs each time a byte is received from the pointing device. INT 74h normally 


w handles the pointing device interrupts from IRQ12. The vector for this interrupt can be changed 
to select a user-supplied input device handler. 


ROM ENTRY: Points to ROM input device interrupt handler 


ROM ACTION: The interrupt routine reads the pointing device from the 8042-compatible 
registers, takes special action if required, notifies the 8042 device that the port has been read, 
clears the 8259A interrupt controller, and loads the device data into the extended BIOS area 
until the specific packet size is built. The packet size is determined by INT 15h, AH = C2h. 
Once the packet size is reached, INT 74h calls the device driver. 


INPUT: Pointing device 


OUTPUT: The packet is passed to a software resident device driver via the SP stack. 


9.15 SPECIAL BIOS ROM 





LOCATIONS 

The ROM memory locations described in the following sections are supplied in Compaq 
we products. Table 9-31 below lists the special BIOS ROM locations. 

Table 9-29. 
Special BIOS ROM Location 

Address Bytes Function 

FOOO:FFE4 1 Product family code 

FOOO:FFES 1 Point-release number 

FOOO:FFE6 2 ROM revision code 

FOOO:FFE8 2 BIOS type code 

FOOO:FFEA 6 Machine ID 

FOOO:FFF5 8 Date of Release 

FOOO:FFFE 1 Machine type code 
w Product Family Code 


The BIOS ROM contains a 1-byte product family code at address FOOO:FFE4. The contents of 
this memory location is 44h (F) for COMPAQ LTE Personal Computer products. 
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Point—Release Number 


The specific release number of the BIOS ROM revision is identified by a 1-byte code at 
address FOO0:FFES. The contents of this memory location is a number represented by an 
ASCII digit. 





ROM Revision Code 


The BIOS ROM contains a 2-byte revision code at address FOOO:FFE6. The contents of this 
memory location are in printable ASCII, left justified, and blank filled (if necessary). 


BIOS Type Code 


The BIOS type is identified by a 2-byte ASCII code at address FOOO:FFE8. The contents of 
this memory location are 30h, 31h (“0”, “1”) for COMPAQ LTE/286 (20h, for COMPAQ 
LTE) Personal Computer products. 


Machine ID 


COMPAQ personal computers can be identified by a 6-byte string at address FOOO:FFEA that 
contains “COMPAQ” in uppercase ASCII code. J 


Machine Type Code 


The machine type is identified by a 1-byte code at address FOOO:FFFE. It contains FCh for the 
COMPAQ LTE/286 and FEh for the COMPAQ LTE. The machine type code is provided for 
compatibility with 80286- and 8086-based software. 
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COMMUNICATIONS 
OPTIONS 


10.1 INTRODUCTION 


Chapter 10 covers the communication options available for the COMPAQ LTE/286 and the 
COMPAQ LTE Personal Computers. This chapter discusses: 


™ Modem/Asynchronous Board Connector [10.2] 
m@ 2400-Baud Internal Modem [10.3] 


@ Second Asynchronous Communications board [10.4] 


10.2 MODEM/SERIAL 
BOARD CONNECTOR 
A modem/serial board connector is provided on the System I/O board. This connector is 


accessed by removing the options compartment cover located on the right side of the computer. 
Figure 10-1 shows the edge connector and its pinouts. 

















Pin Signal Pin Signal 
1 GND 2 DO 
3 D1 4 D2 
/ 5 D3 6 D6 
s 7 D5 8 D6 
= 9 D7 10 SELECT- 
= 11 /O WRITE- 12 0 READ- 
= 13 IRQ 14 /PCHRDY 
; 15 +5VDC 16 +5VDC 
(| 17 RST 18 ADD 0 
19 ADD1 20 ADD 2 
21 MCLOCK 22 SERIAL ACT 
23 EN-MCLOCK 24 MODEM-ON 
25 SPEAKER DRV 26 GND 








Figure 10-1. Modem/Serial Communications Interface 26-Pin Connector 
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10.3 2400-BAUD INTERNAL MODEM 


The 2400-Baud Internal Modem is a Hayes-compatible device that uses standard Bell 
and CCITT protocols and speeds. Information contained in this chapter can be used as a 


programming reference in developing software to allow communication between a COMPAQ ' 
personal computer and other computer services. The information can also be used to help 
determine the appropriate configurations and settings when using the 2400-Baud Internal 
Modem existing communications software. 
ww 





Figure 10-2. 2400-Baud Internal Modem 
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The 2400-Baud Internal Modem is compatible with the following standard protocols 
and speeds: 


@ Bell 103 at 300 bps 


ww 
@ CCITT V.21 at 300 bps 
@ Bell 212A at 1200 bps 
@ CCITT V.22 1200 bps (asynchronous) 
@ CCITT V.22 bis at 2400 bps (asynchronous) 
This chapter contains the following information about the 2400-Baud Internal Modem. 
@ Modem commands and result codes 
Modem operation registers 
@ Modem programming information 
™@ Universal Asynchronous Receiver/Transmitter (UART) registers 
@ Modem connectors 
w 
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Functional Description 


The modem connects to the modem/serial board connector on the system I/O board. This 
connection provides signals to and from the system board, as well as power to the modem. All 
signals are CMOS level. 


The modem is functionally equivalent to a Hayes internal modem. The UART of the 
internal modem is compatible with the National Semiconductor NS16C450 UART used on 
COM adapters. 


Once the modem is installed in the computer and connected to a telephone line, turning on the 
system unit power switch resets and automatically configures the modem for operation. For 
proper modem communications to occur, purchased communications software must first write a 
valid setup sequence to the modem UART. This sequence must include a selection of the 
following parameters: 


@ Baudrate: 300, 1200, or 2400 
m@ Format: 7 or 8 data bits, start bits, stop bits - odd, even, or no parity 


The 2400-Baud Internal Modem utilizes the Hayes AT command set for computer/modem 
communications. This command set allows the 2400-Baud Internal Modem to be configured 
through software and thus eliminates setting hardware switches. 


At power-on or modem reset, the modem goes into the command state and interprets the 
AT commands sent to it from the UART. These commands are used to configure, establish, and 
control a connection with a remote modem. 


When a connection is successfully made, the modem goes into the online state. In this state, 
data, rather than AT commands, are passed to the remote computer. The modem remains in the 
online state until an escape code is received; receipt of this code causes the modem to revert to 
the command state. The modem also reverts to the command state when the connection 1s 
broken by either the internal modem or the remote modem. Included as part of the AT 
command set are twenty-eight 8-bit registers (0 through 27). The registers store operating 
instructions for the modem, such as timing parameters, counters, and ASCII values for 
frequently-used characters. 


The Asynchronous Communications Element (ACE) is a Universal Asynchronous 
Receiver/Transmitter (UART) that provides serial/parallel data conversion, as well as the 
selection of communication protocol. The modulator/demodulator provides the digital to analog 
(D/A), and analog to digital (A/D) functions as determined by the controller, which interprets 
the AT commands from the ACE. A telephone interface circuit allows connection to a standard 
two-wire phone line and a phone set. Figure 10-3 shows a block diagram of the modem. 
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Figure 10-3. Block Diagram of 2400-Baud Internal Modem 


COM1/COM2 Selection 


The modem (or another serial device) can be configured for either of two I/O ports, COM1 or 
COM2, for asynchronous (Serial) communications devices, although only one device at a time 
can use COM1 or COM2. COM1 and COM2 interrupt requests (IRQ) can also be addressed for 
either the internal modem or another serial device. COM2 is the default I/O port for the 
2400-Baud Internal Modem. 


COM1 or COM2 is hardware-selected by SETUP. 


COM1 uses the hex addresses 3F8h through 3FFh and generates an interrupt request on line 
IRQ4. COM2 uses hex addresses 2F8h through 2FFh and generates an interrupt request on 
line IRQ3. 
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Modem Commands and Result Codes 


Hayes-compatible commands and result codes are defined in Table 10-1 and 
Table 10-3, respectively. 


w/ 
Table 10-1. 
Modem Commands 

Command Description 
Escape Commands: 
Prefix, 
Repeat/Escape 
AT Attention prefix: precedes all command lines except A/ 

(repeat) and +++ (escape) commands. For command to 

function, both letters of prefix must be in either uppercase 

or lowercase. 
A/ Repeats last command line. A/ is not preceded by AT or 

followed by pressing the ENTER key. 
+++ Escape code: allows you to go from online state to 

command state (1-second pause before and after escape 

code entry). +++ is not preceded by AT or followed by wd 


pressing the ENTER key. 


Selection of Mode of 
Operation Commands: 


BO CCITT V.22 bis (2400 bps) 
CCITT V.22 (1200 bps) 
CCITT V.21 (300 bps) 

B1* Bell 212A (1200 bps) 


Bell 103 (300 bps) 


Dialing Commands: 

Dn Dial [n - any digits to dial]: 0-9 are valid characters for 
pulse (rotary or tone dialing: A, B, C, D, #, or * are valid 
characters for tone dialing only. 


p* Pulse (rotary dial) 

T Touch Tone 

. Pause: causes modem to pause for 2 seconds before 
dialing 





NOTE: * denotes factory setting 


Continued 
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Table 10-1. Continued 
Command Description 





Flash: used for PABX special features, such as call 
ws forwarding or call transfer 


Wait for silence 


=|® 


Wait for second dialtone (often used when dialing through 
a PABX or when using a long distance telephone service) 


Return to command state after dialing 

R Reverse mode (to call originate only modem) 
S Dial stored number 

Other Commands: 





A Answer call manually without waiting for ring 
EO Disable command echo; characters not echoed 
E1* Enable command echo; characters echoed 
FO Responds ERROR 
Fie Full duplex 
HO* On-hook (hang up) 
we H1 Off-hook, (request off-hook) 
lO Request product ID code 
1 Request checksum 
2 Verify checksum (OK or ERROR) 
I3 Request ROM revision code 
LO,L1 Low speaker volume 
L2* Medium speaker volume 
L3 High speaker volume 
MO Speaker always OFF 
M1* Speaker ON until carrier detected 
M2 speaker always ON 
M3 speaker ON until carrier detected except during dialing 
O0 Go to online state 
O1 Go online and request retrain 
O2 Enable automatic request for retrain 
O3 Disable automatic request for retrain 


NOTE: * denotes factory setting 





Continued 
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Table 10-1. Continued 





Command Description 

QO* Result codes displayed 

Q1 Result codes not displayed 

Sr? Requests current value of register r and reports to hose; 


r = 0-27 (number of registers) 

Assigns a value n to register r 
Numerical result codes 

Word result codes 

Result code selection 

Basic result code set (0-4) 

Extended result code set (0-5,10) 

Add dialtone detection code set (0-6,10) 





X3 Add busy signal detection code set (0-5,7,10) 

X4* Add dialtone and busy signal detection code set (0-7,10) 

YO* Long space disconnect disabled 

Y1 Long space disconnect enabled 

Z Software reset: restores all NVRAM default settings 

&CO* Data Carrier Detect (DCD) always ON 

&C1* DCD ON only when data carrier is present 

&DO* The modem ignores the Data Terminal Ready (DTR) 

&D1 The modem assumes the asynchronous command state 
if an ON-to-OF F transition of DTR is detected 

&D2** The modem hangs up, assumes the asynchronous 
command state, and disables auto-answer when an 
ON-to-OF F transition of DTR is detected 

&D3 A modem reset occurs when an ON-to-OFF transition of 
DTR is detected 

NOTE: *denotes factory setting 
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Table 10-1. 

Command Description 

&G Modem loads default configuration from modem ROM 
firmware 
Guard tone selection (CCITT) used for a call from the 
United States/Canada to a European country 

&GO* No guard tone 

&G1 550-Hz guard tone 

&G2 1800-Hz guard tone 

&J Means of connection to telephone network 

&JO* Typical USOC RJ11C telephone jack 

RJT A/A1 lead control; USOC RJ12/RJ13 jack. A/A1 lead 
control not supported in hardware; however, the AT 
command and Operation register status bit responds 
as if it were supported 

&P Make/break dial pulse ratio selection 

&PO* United States/Canada ratio of 39/61 

&P 1 UK/Hong Kong ratio of 33/67 

&R Request-To-Send (RTS) and Clear-To-Send selection 
(CTS) | 

&RO* CTS follows RTS; responds with ERROR 

&R1 CTS is always ON (modem ignores RTS); responds with 
ERROR 

&S Data Set Ready (DSR) command 

&S0* DSR always ON 

&S1 DSR complies with RS232C specifications; responds with 
ERROR 

&T Test command 

&TO* Terminates any test in progress 

&T 1 Starts local analog loopback test 

&T3 Starts local digital loopback test 

&T4 The modem grants a request from a remote modem for 
Remote Digital Loopback (RDL) 

&T5 The modem denies a request from a remote modem for 
RDL 

&T6 Starts RDL test 

NOTE: * denotes factory setting 


Continued 
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Table 10-1. Continued 


Command Description 

&T7 Starts RDL with self-test 

&T8 Starts local analog loopback test with self-test 
&8W=—Ssté‘iSCSCCC(C(C#OWYrite (Save) active (current) configuration to NVRAM 
&Zn ~—___. Write (save) telephone numberntoNVRAM st” 


NOTE: * denotes factory setting 


Table 10-2. 
Modem Command Result Codes 
Code Command Description 
0 OK Command line executed without error 
1 CONNECT Connected at 300 bps (X1, X2, X3, X4 commands) 


Connected at 300, 1200, or 2400 bps 
(XO command) 


RING Ringing signal detected 
NO CARRIER Carrier signal not detected or lost 
ERROR Illegal command, error in command line, command 


line exceeds buffer (40 characters, including 
punctuation), cannot operate at 300 bps in CCITT 
V.22 mode, invalid character format at 1200 bps, 
invalid checksum 


5 CONNECT Connected at 1200 bps (X1, X2, X3, X4 commands) 
1200 

6 NO Dialtone not detected and subsequent commands 
DIALTONE not processed (X3, X4 commands) 

7 BUSY Busy signal detected and subsequent commands 

not processed (X3, X4 commands) 

8 NO silence not detected and subsequent commands not 
ANSWER processed (@ dial modifier only) 

10 CONNECT Connected at 2400 bps (X1, X2, X3, X4 commands) 
2400 
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Modem Operation Registers 
Included as part of the AT command set are twenty-eight 8-bit registers (0-27) referred to as 
Operation registers. Eight of these registers can be saved into NVRAM, so that during 
w power-on or reset, the configuration that the user defines is automatically loaded by the modem. 
Three modem configuration profiles can exist: 


Factory Configuration: This configuration, saved in ROM, sets the modem into a state which 
most communications software can recognize. This configuration can become the active 
configuration by execution of the AT&F command. It can become the user configuration by 
execution of the AT&F&W command. 


User Configuration: This configuration is the configuration saved in NVRAM. The user or 
the communications software package creates this configuration by changing the active 
configuration and then executing the AT&W command. 


Active Configuration: This configuration consists of the current modem settings during a 
communication session. It can become the factory configuration if an AT&F command is 
executed, or it can be the user configuration if the settings have not been changed after a reset. 


This section provides general information about viewing the current value of a register, 
changing the current value of one or more registers, and returning all registers to 

w their original default settings. This information is followed by detailed discussions of the 
28 Operation registers. 


Each register is assigned a default value at power-on and at modem reset. 


The value of a register is expressed as a String of ASCII characters. However, some 
communication software may have to convert the ASCII values into hexadecimal or other 
common notation when using the internal registers (and UART registers). 


NOTE: All register commands are preceded by typing the letters AT. All register commands 
are terminated by pressing the ENTER key. 


Viewing the Current Value of a Register 
To see the current value of a register, type: 


ATSr? and press the ENTER key. 


The current decimal value of the specified registers (r) 1s displayed in ASCII. 
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Viewing the Current Values of More 
Than One Register 


The values of several registers can be shown with one command. For example, to view the 
current decimal values in registers 0 and 7, type: 


ATS0O?7? and press the ENTER key. 


The ASCII value stored in each register specified is displayed in order. For example, the 
display shown in response to the command issued above might be: 


001 
030 
This display indicates that 001 is stored in register 0 and 030 Is stored in register 7. 


Changing the Value of a Register 


To change the current value of a register, the command ATr=n can be used, where (r) equals 
the register number and (n) equals the value to be entered in the register. For example, to enter 
030 in register 7, type: 


ATS7=030 and press the ENTER key. 


The valid values for n vary with the individual register. 


Returning to User NVRAM Configuration 
To return to the user NVRAM configuration, type: 


ATZ and press the ENTER key. 
All registers are returned to the user configuration values. 


NOTE: This command also breaks the connection when the command Is issued in 
conjunction with the escape code command (+++) while online. 


To store a programmed value to the user NVRAM configuration, type: 


AT&W and press the ENTER key. 


Returning to Original Factory Configuration 
To return to the original factory configuration, type: 


AT&F and press the ENTER key. 
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Register Descriptions 


This section provides complete information on all 28 operation registers. Registers 0 through 
12, 18, 25, and 26 can be set by the user. Registers 14, 16, 21 through 23, and 27 are bit 
w mapped and merely reflect parameters that have been set for the modem. 


The registers described in this section are: 








0 Ring to answer on 

1 Ring count 

2 Escape code character 

3 Carriage return 

4 Line-feed character 

5 Backspace character 

6 Wait for dialtone 

7 Wait for carrier after dialing 

8 Pause time for comma 

9 Carrier detect response time 

10 Delay between carrier loss and hang-up 
~~ 11 Dual-tone multifrequency (DTMF) dialing speed 

12 Escape code guard time 

13 Reserved 

14 Bit-mapped 

15 Reserved 

16 Bit-mapped 

17 Reserved 

18 Test timer 

19 Reserved 

20 Reserved 

21 Bit-mapped 

22 Bit-mapped 

23 Bit-mapped 

24 Reserved 

25 Delay to data terminal reaady 

26 RTS to CTS delay 

27 Bit-mapped 
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0 - Ring to Answer On 


Register 0 determines the number of times the telephone rings before the internal modem 
automatically answers the call. 


Value Range: 0 through 255 (number of rings) 
Default: OO (the modem does not answer at all) 


If register 0 is set at the default (0), the internal modem does NOT automatically answer 
the telephone. 


When register 0 is set to a number greater than “0,” the internal modem answers the telephone 
automatically (auto-answer) on the ring specified. 


1 - Ring Count 
Register 1 is a read-only register which works with register 0 to track the number of times the 
telephone rings. 


Value Range: 0 through 8 (number of rings) 
Default: OO (the modem does not answer at all) 


When register 1 is a value greater than “O,” and no ring occurs for eight seconds, the register 
reverts to the default of zero rings. 


2 - Escape Code Character 
Register 2 holds the ASCII value of the escape command. 


Value Range: 0 through 127 (ASCII) 
Default: 43 


If you are echoing remote modem commands, it 1s possible that your modem can be put into 
the command state accidentally while receiving a signal. This situation can be avoided by 
changing the value of your escape code. 


NOTE: Do not enter a value greater than 127. A value greater than 127 completely disables 
the escape command; that is, the modem does not recognize any commands, including the 
hang-up (HO) command. This situation would prevent you from breaking the connection, and 
you would be forced to wait for the other modem to disconnect. 
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3 - Carriage Return 


Register 3 holds the ASCII value that is transmitted to signify the end of line when you press 
the ENTER key. 


Value Range: 0 through 127 (ASCII) 
Default: 13 


The end-of-line character terminates both the command line and the result code. 


4 - Line-Feed Character 
Register 4 holds the ASCII value that is transmitted to signify a line feed when you press the 


ENTER key. 
Range Value: 0 through 127 (ASCII) 
Default: 10 


If you do not want a line-feed character, set the value at “O”. When result codes are displayed 
as words, the line-feed character is output after you press the ENTER key. 





5 - Backspace Character 
Register 5 holds the ASCII value of the backspace character. 


Value Range: 0 through 127 (ASCII) 
Default: 08 


The backspace character acts as both the BACKSPACKE key and the character to move the 
cursor back one space. The BACKSPACE key is echoed back to the computer and is followed 
by an ASCII space character and a second backspace character (three characters in all). Because 
the time required to process a backspace character is the same as the time required 

by the modem to transmit three characters, a repeat-key function may not work properly 

on backspaces. 
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6 - Wait For Dialtone 
Register 6 controls the amount of time (delay) the modem waits to dial after the phone is 


picked up. 
Value Range: 2 through 255 (seconds) 
Default: 02 


This delay allows the telephone system time to detect the off-hook condition and for the dial 
tone to come on. This feature allows you to increase the delay if a dial tone does not occur 
within two seconds. If you set register 6 for less than two seconds, the modem still waits two 
seconds before dialing. 


Register 6 is used only if X-codes XO, X1, or X3 are selected. Do not set register 6 if you have 
selected codes X2 or X4, which enable dial tone detection and disable blind dialing, as these 
X-codes override the register 6 setting. 


Register 6 does not control the W (Wait for Dial Tone) command. 


7 - Wait For Carrier After Dialing 


Register 7 controls the number of seconds the internal modem waits for an answering modem’s 
carrier Signal after dialing. 


Value Range: 1 through 255 (seconds) 
Default: 30 


If the internal modem does not detect a carrier within 30 seconds (default), it hangs up and 
sends the NO CARRIER result code. 


Register 7 also controls the number of seconds the internal modem waits for a dial tone after 
the W (Wait for Dial Tone) command is issued, before hanging up and sending the NO 
DIALTONE (issued as two words) result code. 


8 - Pause Time for Comma 


Register 8 determines the number of seconds the pause (generated by the “,” [comma] dial 
modifier) lasts. 


Value Range: 0 through 255 (seconds) 
Default: Q2 
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9 - Carrier Detect Response Time 
Register 9 determines the length of time that a carrier signal must be present for the internal 
modem to recognize the signal and to send a carrier detect tone. 
Value Range: 1 through 255 (0.1 through 25.5 seconds) 
Default: 06 (0.6 second) 


This feature safeguards against the modem mistaking a busy signal or a ring for a carrier signal. 


The value range and default for register 9 represent 0.1 (1/10) second increments. The higher 
the value, the easier the internal modem detects a carrier signal without error. 


10 - Delay Between Carrier Loss 

and Hang-Up 
Register 10 allows you to set the amount of time that elapses after a remote modem carrier 
signal is lost before the internal modem disconnects. 


Value Range: 1 through 255 (0.1 through 25.5 seconds) 
Default: 14 (1.4 seconds) 


— Setting the delay time allows the carrier to disappear momentarily without causing the internal 
modem to disconnect. 


The value range for register 10 represents 0.1 (1/10) second increments. If your line has a 
lot of static, set register 10 for a value greater than 1.4. Setting register 10 to 255, causes 
the modem to ignore actual carrier status and to function as though a carrier were 
constantly present. 


NOTE: If the value in register 10 is set for less than the value of register 9, even a 
momentary loss of carrier signal causes the internal modem to disconnect. This occurs because 
the end of the delay period (before the modem disconnects) 1s reached before the carrier signal 
is detected. 
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11 - Dual-Tone Multifrequency 
(DTMF) Dialing Speed 


Register 11 sets the duration and spacing of touch tones in DTMF dialing. 
Value Range: 50 through 255 (.05 through .255 second) 
Default: 95 milliseconds 


The value range and default for register 11 represent 0.001 (1/1000) second increments. The 
default dialing speed settings give the equivalent of 7.14 digits per second. The minimum 
length of time for reliable dialing is 50 milliseconds, or 10 digits per second. A maximum of 
255 milliseconds slows dialing speed to 1.9 digits per second. 


NOTE: Setting register 11 has no effect on pulse dialing speed, which is 10.5 pulses 
per second in the United States/Canada and 10.3 pulses per second outside the 
United States/Canada. 


12 - Escape Code Guard Time 


Register 12 controls the escape code guard time. The escape code guard time is the time delay 
required before and after entering escape code characters. 


Value Range: 0, 20 through 255 (0, 0.4 through 5.1 seconds) 
Default: 50 (1 second) 


The guard time also determines how quickly you must enter the escape code characters. The 
interval between each of the (three) escape code characters must be less than the guard time; 
otherwise, the escape code Is not recognized. 


The value range and default for register 12 represent 0.02 (1/50) second increments. To instruct 
the modem to disregard guard time entirely when recognizing the escape code, set the guard 
time to zero. 


13 - Reserved 


This register 1s reserved. 
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14 - Bit-Mapped 
Register 14 for the 2400-baud internal modem is defined as follows: 





O = Answer (see A, D, R commands) 
1 = Originate (default) 


O = Tone dial (see T command) 
1 = Pulse dialing (see P command) (default) 


O = Modem will receive commands and send result codes to data terminal 
equipment (Smart mode) (default) 

1 = Modem will ignore commands and not send result codes (dumb mode) 
(not used) 


O = Numeric result codes as digits 

1 = Result codes as words (default) (see V command) 
O = Result codes enabled (default) 

1 = Result codes disabled (see Q command) 

O = Local echo disabled 

1 = Local echo enabled (default) (see E command) 






CAUTION: Writing to register 14 may cause unpredictable 
results. 


— 
° 
i 
od 
= 
/\ 
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15 - Reserved 


This register is reserved. 


16 - Bit-Mapped 


This register controls the modem testing features for the 2400-baud modem: 





Local Analog Loopback (see &T8 command) 
O = Disabled (default) 
1 = Enabled 


Start a remote digital loopback with test message and error count 
(see &T7 commana) 
O = Disabled (default) 

1 = Enabled 


Start a remote digital loopback (see &T6 command) 
O = Disabled (default) 
1 = Enabled 


Reflects whether the internal modem is in remote digital loopback (see &T4 and 
&T5 commands) 
0 = No loopback (default) 
1 = Loopback working 
Digital Loopback (local) (see &T3 command) 
O = Disabled (default) 
1 = Enabled 


Analog Loopback (local) (see &T1 command) 
O = Disabled (default) 






















1 = Enabled 


‘ CAUTION: Writing to register 16 may cause unpredictable 
results. 


17 - Reserved 


This register 1s reserved. 
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18 - Test Timer 


This register 1s used to determine the length of time allowed for a modem diagnostic test. 
~~ Value Range: 0 through 255 (seconds) 
Default: O (disables the register) 


The modem automatically cancels any diagnostic test when the duration of the test equals the 
value selected. 


19 - Reserved 


This register is reserved. 


20 - Reserved 


This register is reserved. 
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21 - Bit-Mapped 


This register determines several bit-mapped options, as described in the following bit map: 







O = Disabled (default) 
1 = Enabled 






Data Carrier Detect (OCD) (see &C command) 
O = DCD always ON (Factory default) 
1 = A valid data carrier causes DCD to be ON (NVRAM default) 


Data Terminal Ready (OTR - see &D command) 
OO = Modem ignores Data Terminal Ready (DTR) (factory default) 
O1 = Modem goes to command state if an ON-to-OFF transition occurs on DTR 
10 = Modem hangs up if an ON-to-OFF transition occurs on DTR (NVRAM default) 
11 = Modem initializes if an ON-to-OFF transition occurs on DTR 


















Selects Jack Type (see &J command) 
O = RJ11C (default) 
1 = RJ12/RJ13 (not supported in hardware) 









‘ CAUTION: Writing to register 21 may cause unpredictable 
results. 
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22 - Bit-Mapped 


This register determines several bit-mapped options as described in the following bit map: 









Make/break Ratio (see &P command) 
O = 39/61 ratio, United States/Canada (default) 
1 = 33/67 ratio, UK/Hong Kong 


Result Code Option (see X command) 
O00 = Basic result code set (0-4) 
100 = Extended result code set (0-5) 
101 = Add dial tone detection (0-6, 10) 
110 = Add busy signal detection (0-5,7,10) 
111 = Add dial tone and busy signal detection (0-7,10) (default) 
Speaker Control (see M command) 
OO = Speaker disabled 
O01 = Speaker ON until carrier detected (default) 
01 = Speaker ON until carrier detected (default) 
10 = Speaker always ON 
11 = Speaker ON until carrier detected, but OFF during dialing 


Speaker Volume (see L command) 
01 = Low 

10 = Medium (default) 

11 = High 
































‘ CAUTION: Writing to register 22 may cause unpredictable 
results. 
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23 - Bit-Mapped 
This register determines several bit-mapped options as described in the following bit map: 


Guard Tones (see &G command) 
OO = Disabled (default) 
01 = 550 Hz 
10 = 1800 Hz 
11 = Reserved 
Parity Option (see AT command) 
OO = Even 
01 = Space 
10 = Odd (default) 
11 = Mark/none 


10 = 1200 bps (default) 
11 = 2400 bps 


Remote Modem request for Remote Digital Loopback test (see &T4, &T5 commands) 
0 = Disabled 
1 = Enabled (default) 





é CAUTION: Writing to register 23 may cause unpredictable 
results. 





24 - Reserved 


This register is reserved. 
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25 - Delay To Data Terminal Ready 
This register detects a change in the Data Terminal Ready (DTR) signal. 


Value Range: 0 through 255 (.05 through 2.55 seconds) 
Default: 5 (.05 second) 


The value range and default for register 9 represent 0.01 (1/100) second increments. When the 
internal modem is in the asynchronous mode, a change in DTR (to ON or to OFF) lasting for 
less than the value of the register 1s ignored. 


26 - RTS to CTS Delay 
This register sets the delay from request—to—send (RTS) to clear-to—send (CTS). 


Value Range: 0 through 255 (0 through 2.55 seconds) 
Default: OO 


The value range and default for register 26 represent 0.01 (1/100) second increments. 


27 - Bit-Mapped 


This register determines protocol selection. 


Reserved 





CAUTION: Writing to register 27 may cause unpredictable 
results. 


Protocol selection (see B command) 
0 = CCITT mode 
1 = Bell mode (default) 
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Modem Programming Information 


The following information is provided for the computer programmer who has some training or 
experience writing asynchronous communications software. This section includes technical 
details on the local and remote interface parameters, sequences of events that occur during 
calling and answering, and some special programming considerations. 


Programming Guidelines 
The foundation of communications software is a program capable of sending ASCII characters 
to a modem through a communication port. 


To ensure compatibility with remote modems and various telephone systems, the program 
Should implement all commands and functions available in the communications software 
package. This also gives the user complete access to all features. 


The internal modem command buffer can hold a maximum of 40 characters. A longer 
command string will not be executed and will return an error message. 


NOTE: Routines that write to bit-mapped Operation registers are not advisable, since writing 
to these registers can have unpredictable results. 


Software should be able to address the internal modem’s UART registers to help the modem 
adapt automatically to incoming calls with various speeds and communication protocols. 


Pascal, C, Basic, or assembly language can be used to develop communications software. All of 
these languages have adequate support for COM1 or COM2 devices. 


Selecting Interface Parameters 


You must establish the parameters that define how the modem communicates with the 
remote computer and your personal computer. These parameters define the remote and 
local interfaces. 


Local 


Local interface parameters influence communication between the internal modem and the 
personal computer. Before any processing, set the local interface parameters to ensure that the 
modem accurately processes commands and result codes. 


Table 10-3 defines the recommended local interface parameters. 
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Parameter 
EO 


QO 
V1 
X3 


$3=30 
94=31 


912=20 


Remote 


Technical Reference Guide 


Table 10—3. 
Local Interface Parameters 


Description 


Disables character echo in command mode, making it easier to read 
result codes and recognize mistakes 


Enables result codes 
Displays result codes as words rather than numbers 


Selects extended result code set and informs user of connection 
speed (blind dialing) 


Disables auto-answer; setting SO greater than or equal to 1 causes 
the modem to answer automatically on that number of rings 


Sets escape code character to ASCII 29 (CTRL J) when originating 
a Call 


Sets escape code character to ASCII 28 (CTRL\) when answering 
a Call 


lf the two communicating modems do not use different escape 
codes, the software must be designed to handle sudden and 
unpredictable transitions into the command mode 

Sets the carriage return character to ASCII 30 (CTRL“*) 


sets the line-feed character to ASCII 31 (CTRL-); 


Word result codes are preceded and followed by a carriage 
return/line feed, whereas commands and numeric result codes are 
simply followed by pressing the ENTER key; setting the carriage 
return and line feed to infrequently-used characters better offsets 
the result codes and commands from data on the display. 


Establishes an escape code guard time, at least two to three times 
greater than the time required to transmit a character at 300 bps the 
lowest transmission speed 


10-27 


Remote interface parameters affect communication between the internal modem and the remote 


computer. Parameters include characteristics of the phone equipment, the remote modem, and 


the remote computer. 


Three sequences of commands are described to illustrate remote interface parameters. Software 
should set these parameters and send them to the modem immediately before originating or 


answering a call. 
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Sequence 1-Preparing to Dial 


Command Description 

ATS6=2 (optional) Sets time delay before blind dialing 

ATS8=2 (optional) Sets length of pause generated by the comma ”,” dial 
modifier 

ATS11=70 Sets the speed of Touch-Tone dialing 

ATM1 Selects speaker mode 

ATD (required) Causes the modem to go off-hook, wait the time set by 


register 6, and return to the command mode 


If a dialtone is detected within the time specified by register 6, the program should proceed 
with sequence 2 and request a number to dial. Sequence 2 is unnecessary if a number to dial is 
entered after the ATD command instead of the semicolon. If so, the number is dialed as soon as 
the command is entered. The program should inform the user when the modem goes off-hook. 


In sequence 1, the ATD command Is the only required command, since the modem defaults can 
be used for the first four parameters. 


Sequence 2-Dialing 


Command Description 

ATS6=2 (optional) Resets time delay before blind dialing 

ATD (required) Dial command followed by the phone number 
(up to 36 digits) 


In sequence 2, resetting register 6 to two seconds causes immediate dialing, since the modem 
subtracts an automatic two-second wait for a dial tone from the value you specify for register 6. 
The modem should dial the number specified by the user, and the program should inform the 
user when the dialing is taking place. 
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Sequence 3-Going Online (Originate or Answer) 


Command Description 

ATM1 Sets the speaker mode 

ATS7=30 (optional) Sets the wait time for the carrier 

ATS9=6 Sets carrier detect time 

ATS10=7 Sets the maximum loss of carrier that can be tolerated 
without hanging up 

Originating ATS2=290 Sets escape command character to ASCII 29 and 

(required) issues the zero command to complete the connection 

Answering ATS2=28A Sets escape command character to ASCII 28 and 

(required) issues the A command to provide a carrier signal to the 


Originating modem 


The software should wait for “CONNECT nnnn” and adjust the baud rate of the UART 
accordingly, or inform the user if “NO CARRIER” ts received. 


Programming Example 


The following simple BASIC program shows how to cause the internal modem to dial 
a number: 


10 OPEN “COM2:1200,E,7” AS #1 
20 INPUT “Number to dial”;A$ 

30 PRINT #1,“ATDT”’A$ 

40 GOTO 20 


Selecting Valid Character Formats 


When developing any communications program for the interna] modem, a subroutine must be 
included to indicate to the UART the standard character format you select for transmitting 
commands, result codes, and data. This subroutine should consider the rate of data transmission 
and the maximum word length that can be generated by the UART device. 
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NEXT 
CHARACTER TIME GAP CHARACTER 
Ww 
cee Start Start eee 
BIT 
TIME 


Figure 10-4. Asynchronous Data Transmission 


The combination of bits (start, stop, data, and parity) comprising each character, determines the 
format of the commands, result codes, and data transferred by the modem. 


Character Format and Transmission Rate 


Although the maximum character length generated by the UART is 12 bits, the bit 
combinations processed by the modem are restricted by the transmission speed. ww 
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Valid Formats at 300, 1200, and 2400 bps 


If communications at 300, 1200, and 2400 bps are supported, character length is 10 bits. 
The following combinations are valid: 

















Start Bits Data Bits Parity Stop Bits 
1 7 mark or space 1 
1 7 even or odd 1 
1 7 none 2 
1 8 none 1 





Additional stop bits can be added, but are read as a delay between characters. 


Valid Formats at 300 bps Only 


If your software is designed for 300 bps communications only, character length can be 10 or 11 
bits. The following additional combinations are valid: 


Start Bits Data Bits Parity Stop Bits 
1 8 even 1 
1 8 odd 1 





Any additional stop bits are read as a delay between characters. 


— eee eee SSS SSS SSS SSS SSS 
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Detecting Transmission Rate 
The settings of the answering modem determine the transmission rate. The AT prefix alerts the 
modem to the communications rate and parity setting of the local data terminal equipment. 


When originating a call, the internal modem automatically adopts these parameters until 
another AT is received, or until the power is turned OFF. When answering a Call, the modem 
determines the transmission speed from the carrier signal of the originating modem. 


Changes in Speed and Format 


Software must monitor changes in the transmission rate of commands and result codes from 
connection to connection. This may cause command and result code rates to be different before 
and after the online connection is made. 


The modem accepts commands and generates result codes at a default rate of 2400 bps (when 
first turned on), or at the speed of the previous command, until either the internal modem rate 1s 
changed or the modem answers a call at a different speed. 


The modem then adjusts to the new transmission rate and subsequent commands, and result 
codes are generated at the new rate. The initial result code of the answer-call sequence is 
generated either at the default rate or at the rate of the previous AT command. 


UART Registers 


UART register values are used by communications software to control the internal modem. 


The UART registers can be addressed either through I/O port COM1 or COM2 (default), on the 
COMPAQ personal computer for asynchronous communication. 


Each addressable UART register is described in a separate subsection. The name of each 
subsection gives: 


m The name of the UART register 
m™ The register base address (in hexadecimal) 
m@ The register designation, either: 


Read/Write 
Read Only 
Write Only 


Each register is defined. The registers do not have to be initialized in a particular sequence, 
except that bit < 7 > of the Line Control register must be set to access certain registers. Certain 
bits and registers function together to transfer information. 
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The UART registers are: 


Divisor Latch (least-significant byte) Line Control 


Receiver Buffer Modem Control 


Modem Status 


x 

a 
Transmitter Holding @ Line Status 

Divisor Latch (most-significant byte) & 

a 


Interrupt Enable Scratch Pad 


Interrupt Identification 


Divisor Latch - 
Least-Significant Byte 2F8h [COM2], 
3F8h [COM1], (Read/Write) 


This register contains the low eight bits of the baud rate divisor (a formula used to set the 
baud rate). 


This register is used with the Divisor Latch — most-significant byte, which is the next address — 
2F9h [COM2] or 3F9h [COM 1]. Together both addresses: 2F8h [COM2] or 3F8h [COM1], 
and 2F9h [COM2] or 3F9h [COM 1], must contain the hexadecimal equivalent value of the 
baud rate divisor to set the desired baud rate. 


Use the following hex values for the appropriate baud rate: 


Value Baud Rate 
180h 300 

60h 1200 

30h 2400 


NOTE: To access this register, bit < 7 > (Divisor Latch) of the Line Control register must 
be logic “1”. 
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Receiver Buffer - 2F8h [COM2], 3F8h [COMI], 
(Read Only) 


This register contains the character that has just been received. The character is received 
serially. The least-significant bit (bit < 0 >) is received first. To access this register, bit < 7 > 
(Divisor Latch) of the Line Control register must be “ 0”. Data are valid when bit < 0 > (Data 
Ready) of the Line Status register is “1”. 


Transmitter Holding - 2F8h [COM2], 3F8h [COM1], 
(Write Only) 


This register is used to load a character that is about to be transmitted. Bit < 5 > (Transmitter 
Holding Register Empty) of the Line Status register must be “1” before loading the next 
character (see the Line Status register). The least-significant bit (bit < 0 >) is loaded first. To 
access this register, bit < 7 > (Divisor Latch) of the Line Control register must be “0”. 


Divisor Latch - 
Most-Significant Byte 2F9h [COM 2], 
3F9h [COM1], (Read/Write) 


This register contains the high eight bits of the baud rate divisor (a formula used to set the 
baud rate). 


This register is used with the Divisor Latch least-significant byte, which is at the previous 
address - 2F8h [COM2], 3F8h [COM1]. Together both addresses, 2F8h [COM2] or 3F8h 
[COM1], and 2F9h [COM2] or 3F9h [COM1], must contain the hexadecimal equivalent value 
of the baud rate divisor to set the desired baud rate. 


Use the following hexadecimal values for the appropriate baud rate: 


Value Baud Rate 
180h 300 

60h 1200 

30h 2400 


The formula for the divisor is: divisor = 115200/baud 


NOTE: To access this register, bit < 7 > (Divisor Latch) of the Line Control register must be 
logic “1”. 
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Interrupt Enable - 2F9h [COM2], 
3F9h [COM1], (Read/Write) 


This register enables the interrupts to activate the interrupt output signal. 


Enable Modem 
1 = Causes the UART to generate an interrupt whenever Ring Indicator or 
Received Line Signal Detect of the Modem Status register becomes a logic 1. 


Enable Receiver Line Status Interrupt (ELSI) 
1 = Causes the UART to generate an interrupt whenever an overrun error, parity error, 


framing error, or break interrupt occurs; see the Line Status register. 
Enable Transmitter Holding register Empty Interrupt (ETBEl) 
1 = Causes the UART to generate an interrupt wnenever DATA READY of the Line 
Status register becomes logic 1. 
Enable Received Data Available Interrupt (ERBFI) 
1 = Causes the UART to generate an interrupt whenever Data Ready of the Line Status 
register becomes logic 1. 





NOTE: To access this register, bit < 7 > (Divisor Latch) of the Line Control register must 
be logic 0. 
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Interrupt Identification - 2FAh [COM2], 
3FAh [COM1], (Read Only) 


This register stores information that indicates a pending interrupt and its priority. 


The information contained in bits < 0 >, < 1 >, and < 2 > 1s always available even if the 
interrupt capability has not been enabled by the Interrupt Enable register. 


NOTE: When COM1 or COM2 is selected, the modem automatically adjusts for either line. 
However, for an interrupt to reach the processor, OUT 2 (bit < 3 > of the Modem Control 
register) must be a logic 1, thereby enabling the interrupt line. The bits of the Interrupt Enable 
register must be set high (1) to enable the desired interrupt signal, although the interrupt 
sources can be individually activated. 





weve 
wee 
eee 


Interrupt ID 
Indicates the priority of the interrupt as follows: 
Bit 
<2><1> _ Priority Interrupt Source 
1 1 1 Overrun error or parity error or framing error 
(highest) or Break Interrupt (see Line Status register) 
1 0 2 Data Ready (see Line Status register) 
O 1 3 Transmit Holding register empty (see Line Status register) 
0 0 4 Ring indicator or received line signal detect 


(lowest) (see Modem Status register) 


Interrupt Pending 
Indicates that an interrupt has occurred 
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Line Control - 2FBh [COM2], 
3FBh [COMI], (Read/Write) 


The Line Control register specifies character and word formats and controls access to other 
UART registers. 


Divisor Latch (DLAB) 
1 = Enable access to divisor latches of the baud rate 
generator during a read/write operation 
O = Enable access to the Transmit Holding register, Receiver Buffer register, 
and Interrupt Enable register 
Set Break 
1 = Cause modem to transmit a continuous break signal 
O = Stop break signal 
Stick Parity 
1 = Set 
O = Not set (bit <3>) 
Parity Select (EPS) 
1 = Even parity 


O = Odd parity 
If even parity is set, bit <3> (Parity Enable) must be a logic 1 


Parity Enable (PEN) 
1 = Enable parity generation or checking 
0 = Disable parity generation or checking 


Number of stop bits (STB) 
1 = 2 per character (1-1/2 for 5-bit words only) 
O = 1 per character 


select word length as follows: 
<1> <0Q> Word Length 
0 0 5 bits 
0 1 6 bits 
1 0 7 bits 
1 1 8 bits 
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Modem Control - 2FCh [COM2], 
3FCh [COM1], (Read/Write) 


This register manages the interface between the internal modem and the COMPAQ 
personal computer. 


1 = Activate the loopback feature for diagnostic testing of the UART 
O = The setting for normal operation 


Output 2 (OUT 2) 


1 = Enable the interrupt line drives; allows the UART to interrupt the computer 
O = Disable the interrupt line drivers 


Output 1 (OUT 1) 
1 = Reset the modem (power OFF/power ON) 
O = The setting for normal operation; after a reset, write a ”0” to clear this bit 





Request-to-Send (RTS) 
Unused by the modem; setting irrelevant 
Data Terminal Ready (OTR) 
1 = Enable modem operation; a required setting 


O = Disable modem (the modem neither accepts commands nor auto-answers; if online, 
the modem disconnects) 





COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


- Technical Reference Guide 10-39 


Line Status - 2FDh [COM2], 
3FDh [COM1], (Read Only) 
(Bit <0>, Read/Write) 


This register provides status information about data transfer and associated error conditions. 


Transmitter Shift Register Empty (TRES) 

1 = Indicates last character in Transmitter Shift register has been transmitted; reset to “O” when 

data has been transferred from Transmitter Holding register to Transmitter Shift Register 
Transmitter Holding Register Empty (DATA READY) 

1 = Indicates UART is ready to accept a new character for transmission; reset to “O” when 

Transmitter Holding register is loaded 
Break Interrupt (Bl) 

1 = Indicates break signal received; does not indicate when break signal ends; reset to ”0” 

whenever Line Status register is read 
Framing Error (FE) 

1 = Indicates character received lacks valid stop bit. Is reset to “O” when Transmitter Holding 

register is loaded 
Parity Error (PE) 

1 = Indicates parity of character received does not match specified EPS Line Control register: 

reset to “0” whenever Line Status register is read 
Overrun Error (OE) 

1 = Indicates character in Receiver Buffer register was not read before the next character was 
received, the previous character will be deleted. This bit is reset to “O” whenever Line Status 
register is read 

Data Ready (DR) 

1 = Indicates a character has been received in Receiver Buffer register. This bit is reset to “0” 

when the data is read. Caution, writing a 1 can cause unpredictable results. 
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Modem Status - 2FEh [(COM2], 
3FEh [COM1], (Read Only) 


The register provides the current status of control signals from the modem. When either bit 
<2> or bit <3 > is a logic 1, a modem status interrupt is generated, if the interrupt is enabled. 





Received Line Signal Detect (RLSD) 
1 = Indicates that the modem detects a carrier signal on the telephone line 
Ring Indicator (RI) 
1 = Indicates that the modem detects a ringing signal on the telephone line 
Data Set Ready (DSR) 
Unused by the modem; always “1” 
Clear to Send (CTS) 
Unused by the modem; always “1” 
Delta Received Line Signal Detect (DRLSD) 
1 = Indicates that the received line signal detect has changed states; is reset to “O” when the 
Modem Status register is read states; is reset to “O” when the Modem Status register is read 


Trailing Edge Ring Indicator (TERI) 
1 = Indicates that the ring-indicator bit (bit <6>) has changed from logic 1 to 0; is reset to “0” 
when the Modem Status register is read 
1 Delta Data Set Ready (DDSR) 
Unused by the modem; always “0” 
Delta Clear to Send (DCTS) 
Unused by the modem; always “0” 





Scratch Pad - 2FFh [COM2], 
3FFh [COM1], (Read/Write) 


The Scratch Pad register is an additional Modem register that can store one byte in bits <7..0>. 


The byte has no effect on the UART or the internal modem, but can be used as a scratch pad 
for software. 
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10.4 ASYCHRONOUS 
COMMUNICATIONS 


| The optional Asynchronous Communications (Serial) Interface Board is an option available for 
~ both the COMPAQ LTE/286 and the COMPAQ LTE personal computers. 


The Serial Interface Board provides a serial interface at standard baud rates up to 19200 baud. 
This interface is compatible with Electronic Industries Association (EIA) RS232-C protocol, 
and can be connected either to another Data Terminal Equipment (DTE) device, a Data 
Communication Equipment (DCE) device, such as a modem, or to a pointing device. The Serial 
Interface Board is designed without switches or jumpers. The configuration of COM1 or COM2 
is provided through the SETUP utility provided with the DIAGNOSTICS software. 
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Asynchronous Communications Function 


The main function of the serial board is to convert parallel data from the system board to a 
serial format for output and convert data input received in serial format to a parallel format. 


This function of the Serial Interface board is handled by the Asynchronous Communications - 
Element (ACE). 
The ACE is I/O-mapped, beginning at addresses 3F8h [COM1] or 2F8h [COM2]. The ACE 
registers associated with the COM1/COM2 addresses control the asynchronous communication 
function. Table 10-4 lists the ACE registers and their functions and addresses. 
Table 10-4. 
ACE Registers 

Address Read/Write Register Function 
2F8h R/W COM2 Divisor Latch LSB 

(with DLA bit = 1) (note) 
2F8h R COM2 Received Data 

(with DLA bit = 0) (note) 
2F8h W COM2 Transmit Data -_ 

(with DLA bit = 0) (note) 
2F9h R/W COM2 Divisor Latch MSB 

(with DLA bit = 1) (note) 
2F9h R/W COM2 Interrupt Enable 

(with DLA bit = 0) (note) 
2FAh R COM2 Interrupt ID 
2FAh W COM2 Reserved 
2FBh R/W COM2 Line Control 
2FCh R/W COM2 Modem Control 
2FDh R COM2 Line Status 
2FEh R COM2 Modem Status 
2FFh R/W COM2 Scratch 
3F8h R/W COM1 Divisor Latch LSB 


(with DLA bit = 1) (note) 


NOTE: The DLA bit is in the Line Control register. This bit must be 
set (=1) to access the divisor latches and reset (=0) to access the 
Data and the Interrupt Enable registers. 





Continued 
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Table 10-4. Continued 


Address Read/Write Register Function 

3F8h R COM1 Received Data 
eer (with DLA bit = 0) (note) 

3F8h W COM1 Transmit Data 


(with DLA bit = 0) (note) 


COM1 Divisor Latch MSB 
(with DLA bit = 1) (note) 


3F9h R/W COM1 Interrupt Enable 
(with DLA bit = 0) (note) 


SF9h 


3FAh R COM1 Interrupt ID 
3FAh W COM1 Reserved 
3FBh R/W COM1 Line Control 
3FCh R/W COM1 Modem Control 
3FDh R COM1 Line Status 
3FEh R COM1 Modem Status 
3FFh R/W COM1 Scratch 


NOTE: The DLA bit is in the Line Control register. This bit must be 
4 set (=1) to access the divisor latches and reset (=0) to access the 
Data and the Interrupt Enable registers. 


The following paragraphs discuss the functions of the ACE registers. 


ACE registers Receiver Buffer 
or Transmitter Holding 


This register contains the byte just received or the next byte to be transmitted by the ACE. 


ACE Baud Rate Divisor Latch 


The ACE device contains a built-in baud rate generator that divides the input clock 
(1.8432 MHz) by a divisor to create a desired baud rate or asynchronous transmission 
frequency. The divisor is found according to the equation: 


Divisor = 1843200/(desired baud rate x 16) 





Table 10-5 shows the baud rate and desired divisor value. 
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Table 10-5. 
Baud Rate and Divisor Value 


Baud Rate Divisor 
110 1047 
150 768 
300 384 
600 192 
1200 96 
2400 48 
4800 24 
9600 12 
19200 6 


Setting bit < 7 > (=1) enables the first two I/O addresses of the Line Control register as the 
addresses for the least- and most-significant bytes of the 16-bit baud rate divisor. The divisor 
latch should be loaded with the hexadecimal equivalent of the desired divisor value shown in 
the table above. 


ACE Interrupt Enable 


The bits of this register enable as many as four interrupt sources. The register format 1s 
as follows: 
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3 1 = Modem Status interrupt enabled 
| 2 | 1 = Received Line Status interrupt enabled 







. 1 = Transmitter Holding register empty interrupt enabled 
1 = Received Data Available interrupt enabled 
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ACE Interrupt ID 


When a hardware interrupt occurs, the system searches for the device sending the interrupt and 
the reason for that interrupt. 











wy 

This register contains one bit that flags the ACE as the source of the interrupt and two bits that 

specify the reason for the interrupt. The ACE interrupts are prioritized with the lowest priority 

interrupt first. To clear the interrupt, read the contents of the register shown. 

2,1 00 = Modem Status register (Clear-To-Send, Data Set Ready, Ring Indicator, or Carrier Detect) 

01 = Transmitter Holding register empty 
10 = Received Data Available 
11 = Received Line Status register (Overrun Error, Parity Error, Framing Error, or Break) 

| 0 O = Interrupt is pending (This device sent an interrupt) 

ACE Line Control 
| This register specifies the asynchronous data transmission format. 


O=Ena 
register access 
1 = Enable Divisor Latch access to write baud rate divisor 
1 = Stick Parity (with even parity enabled, the parity bit becomes active low) 


6 

3 
Stop bit 
O=1 
1=2 








10=7 
11=8 
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ACE Modem Control 


This register controls the modem interface lines. 





ACE Line Status (Read Only) 


This register contains the status of the current data transfer. 
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ACE Modem Status (Read Only) 


This register contains the status of the modem interface lines. 


















1= 






ACE Reserved 


This register is not used currently. 





=— = 
5 
p 4 
3 
pe 
adie 
_—- 
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Connectors 


The serial board connects to the modem/serial board connector on the system I/O board. The 
serial cable connector is an industry standard, 9-pin male, D-type connector. Figure 10-5 shows 
the serial cable connector and its pinouts Asynchronous Serial. ZVI 


Pin Signal 

Carrier Detect 
Receive Data 
Transmit Data 
Data Term Ready 
Signal Ground 
Data Set Ground 
Request-to-Send 
Clear-to-Send 
Ring Indicator 





COIN TD !; Oa! a1 @ds NT — 


oO 


Figure 10-5. Asynchronous Communications Interface 9-Pin Connector 
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ERROR MESSAGES AND CODES 


A.l 


This chapter contains Power-On Self-Test (POST) messages, Advanced Diagnostics error 
codes, and memory error codes. 


The messages and codes appear in tables that list the particular message or error code, 
a description of the error or its probable cause, and the action necessary to resolve the 
error condition. 


POWER-ON SELF-TEST MESSAGES 


An error message results if a problem is encountered during the POST utility, which runs when 
the computer is turned on. Table A-1 lists the messages for POST and probable causes. 
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Table A-1. 

Power-On Self-Test Messages 
Message Probable Cause 
101—ROM Error System ROM 
101-I/O ROM Error Option ROM checksum 
110—System Failure Timer failure 
111-—System Failure Memory refresh failure 
112—System Failure CMOS failure 
113—System Failure DMA failure 
114—System Failure Timer interrupt failure 
115—System Failure Protected mode failure 
162—System Options Not Set Configuration incorrect 
163-Time & Date Not Set Invalid time or date in configuration memory 
164—Memory Size Error Memory size discrepancy 
201—Memory Error RAM failure 
XXOO00Y ZZ 
203—Memory Address Error Memory high address error /Y 
XXO000Y 22 
301—Keyboard Error None 
303—Keyboard Controller Error None 
304—Keyboard or System Unit Error Keyboard controller failure 
401—Printer Error Keyboard or system I/O board 
901—Display Adapter Failure Printer controller 
601—Diskette Controller Error Video display controller 
605—Diskette Drive Type Error system I/O board 
610—External Storage Module Failure Mismatch in drive types 
702—Coprocessor Detection Error Module attached but Coprocessor not turned on 
1150—Communication Port Added or removed modem or asynchronous 
Configuration Error Communications interface board 
1780—Disk 0 Failure Fixed disk drive/format error 
1790—Disk 0 Failure Fixed disk drive access error 
1791—Disk 1 Error Fixed disk drive recalibration or wrong drive type 
RESUME = “F1” KEY Any failure 
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A.2 ADVANCED DIAGNOSTICS 
ERROR CODES 


Advanced Diagnostics error codes occur if the system recognizes a problem while running the 

fy COMPAQ Advanced Diagnostics program. These error codes help to identify possible 
defective subassemblies. The error codes appear in an AYY—XX or AAYY-XX format, which 
is explained below: 


A or AA = number for the faulty subassembly 
YY = test or action that failed 
XX = a specific problem 


Example: Error code 610-24 indicates that the diskette drive failed to read the diskette media. 


Tables A-2 through A-11 list error codes and a description of the error condition. 




















Table A-2. 
Processor Test Error Codes 
Error Code Description 
101-xx CPU test failed 
w 102—xx Coprocessor initial status word incorrect 
103—xx DMA-page registers test 
104—xx Interrupt controller master test failed 
105—xx Port 61 bit < 6 > not at zero 
106—xx Keyboard controller self-test failed 
107—xx CMOS RAM test failed 
108—xx CMOS interrupt test failed 
109—xx CMOS clock load data test failed 
110—xx Programmable timer load data test failed 
111-xx Refresh detect test failed 
112-xx Speed test slow mode out of range 
113-01 Protected-mode test failed 
114-01 Speaker test failed 
116—xx Way 0 failed write/read test 
199-—xx Installed devices test failed 
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Table A-3. 
Memory Test Error Codes J 
Error Code Description 
200-xx Invalid memory configuration 
201 -xx Memory machine ID test failed 
202-xx Memory system ROM checksum failed 
203-xx Memory write/read ROM checksum failed 
204-xx Memory address test failed 
205-xx Walking I/O test failed 
206-xx Increment pattern test failed 
210-xx Random pattern test failed 
211-xx Memory error 
Table A-4. 
Keyboard Test Error Codes ww 
Error Code Description 
301 -xx Keyboard short test, 8042 self-test failed 
302-xx Keyboard long test failed 
303-xx Keyboard LED test, 8042 self-test failed 
304-xx Keyboard typematic test failed 








LE 
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Error Code 


401-—xx 
402-xx 
403-xx 
498—xx 


Error Code 


501—xx 
902-—xx 
903—xx 
504—xx 
906—xx 
507—xx 
908—xx 
009—xx 
9 10—xx 
511—xx 
9 12—xx 
2 14—xx 
5 16—xx 


Table A-5. 


Parallel Printer Test Error Codes 


Description 

Printer failed or is not connected 
Printer data register failed 
Printer pattern test failed 


Printer failed or is not connected 


Table A-6. 


Video Display Unit Test Error Codes 


Description 

Video controller test failed 

Video memory test failed 

Video attribute test failed 

Video character set test failed 

Video 80 x 25 mode 8 x 8 character cell test failed 
Video 40 x 25 mode test failed 

Video 320 x 200 mode color set 0 test failed 
Video 320 x 200 mode color set 1 test failed 
Video 640 x 200 mode test failed 

Video screen memory page test failed 
Video gray scale test failed 

Video white screen test failed 

Video noise pattern test failed 





A-5 
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Table A-7. 

Diskette Drive Test 
Error Code Description 
600—xx Diskette ID drive types test failed 
601-xx Diskette format failed 
602-«x Diskette read test 
603-—«x Diskette write, read, compare test failed 
604—xx Diskette random seek test failed 
605-—xx Diskette ID media failed 
606—xx Diskette speed test failed 
607-xx Diskette wrap test failed 
608-—xx Diskette write protect test failed 
609-xx Diskette reset controller test failed 
610—xx Diskette change line test failed 
697-xx Diskette type error 
698-—xx Diskette drive speed not within limits 
699—xx Diskette drive/media ID error 
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1101-xx 
1109—xx 
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Table A-8. 
Serial Test Error Codes 


Description 
Serial Port Test 
Clock Register Test 


Table A-9. 


Modern Communications Test Error Codes 


Error Code 
1201-xx 
1202-—xx 
1203—xx 
1204—xx 
1206—xx 
1210—xx 


Description 

Modem Internal Loopback Test 
Modem Time—Out Test 

Modem External Termination Test 
Modem Auto Originate Test 

Dial Multifrequency Tone Test 
Modem Direct Connect Test 
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Error Code 


1700—xx 
1701-xx 
1702—-xx 
1703—xx 
1704—xx 
1705—xx 
1 706—-xx 
1707-xx 
1708—-xx 
1709—xx 
1710-—xx 
1714-xx 
1715-xx 
1716-—& 
1717-xx 
1799—xx 


Table A-10. 


Fixed Disk Drive Test Error Codes 


Description 

Fixed disk ID drive types test failed 
Fixed disk format test 

Fixed disk read test failed 

Fixed disk write/read/compare test failed 
Fixed disk random seek test failed 
Fixed disk controller test failed 

Fixed disk drive ready test failed 

Fixed disk drive recalibration test failed 
Fixed disk format bad track test failed 
Fixed disk reset controller test failed 
Fixed disk park head test failed 

Fixed disk file write test failed 

Fixed disk head select test failed 

Fixed disk conditional format test failed 
Fixed disk ECC* test failed 

Invalid fixed disk drive type failed 


*Error Correction Code 
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Table A-11. 
wr Tape Drive Error Codes 
Error Code Description 
1900—xx Tape ID failed 
1901—xx Tape servo write failed 
1902-—xx Tape format failed 
1903—xx Tape drive sensor test failed 
1904—xx Tape BOT/EOT failed 
1905—xx Tape read test failed 
1906—xx Tape write/read/compare failed 


A233 MEMORY ERROR CODES 


Memory error codes appear when the system detects a memory fault during the Power-On 

Self-Test (201 or 203 error codes) or as a result of a diagnostic test (203 error codes). The 

TEST programs attempt to isolate the memory fault to a specific location, then generate a 
Qa memory error code. 


The memory error code points to a specific memory address. The physical location of the 
memory address depends upon the memory expansion board installed. 
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POWER CONSERVATION 


B.1 


B.2 


INTRODUCTION 


Whenever the system is being operated in the battery-powered mode, power conservation 
features are available to extend the batteries operating life. The system is in the 
battery-powered mode any time it is being powered solely by the internal battery. 


When the system is being operated from an external source (AC Adapter, Fast Charger, or 
Automobile Adapter), no power conservation features are performed. 


One important difference to note between the COMPAQ LTE/286 and the COMPAQ LTE is 
the IRQ used for power Management. The COMPAQ LTE/286 uses IRQ15 while the 
COMPAQ LTE uses IRQ2. For this reason, some functions of power management are 
described separately for the COMPAQ LTE/286 and the COMPAQ LTE. 


LOW POWER MODES 


There are three low power modes implemented when operating under battery power: 


@ STANDBY- Implemented at any time by the user via the STANDBY button, or 
automatically by the system when Low Power 1 is active. In the STANDBY mode, most 
subsystems are shut down to conserve power, however data is retained. 


@ Low Power 1 — Occurs when approximately 15 percent of battery power is left. If system 
remains inactive for two minutes “STANDBY” mode is activated. 


™@ Low Power 2 — Occurs when less than 5 percent of battery power is left. Data must be 
saved immediately (within 20 seconds). If any action is taken before time-out occurs, the 
system will remain on for up to three minutes. If no action is taken within 20 seconds, 
system will shut down and any data not previously saved will be lost. 


———, eee SSS SSS leh 
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Table B-1 shows the Low Power indicators for all three low power modes. 











Table B-1. 
Low Power Indicators 
Audible 

Mode Alarm Low/Power LED 
Low Power 1 6 beeps Flashes 1/sec 
Low Power 2 12 beeps Flashes 2/sec 
Enter STANDBY 2 beeps Constant On 
STANDBY 2 beeps Constant On 
Request STANDBY 2 beeps Constant On 
Exit STANDBY 1 beep Constant On 
STANDBY/Low Power 1 2 beeps/min Flashes 1/sec 


NOTE: The Audible alarm can be disabled through SETUP. 


B33 POWER CONSERVATION 
IMPLEMENTATION 


The COMPAQ LTE/286 and the COMPAQ LTE use different interrupts for power 
conservation. The interrupts used are: 


™ IRQ15 (INT 77h) for the COMPAQ LTE/286 
™ IRQ2 (INT OAh) for the COMPAQ LTE 


The Power Conservation features are not implemented until the Power-On-Self-Test (POST) is 
completed. This is done to prevent hardware interrupt problems from occurring with non-DOS 
operating systems. At power-on, one of three Power Conservation modes exists: 


™ Power Conservation OFF — Power conservation interrupt is not processed at all; Power 
Conservation is not implemented. 
™ Power Conservation ON — Power conservation interrupt processing begins at the 


completion of POST; Power Conservation will be implemented. 
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@ Power Conservation AUTO — During POST, the system ROM sets up the power 
conservation interrupt vector but does not enable it in the interrupt controller. After a 
70-80 second delay, the system ROM enables the power conservation interrupt in the timer 
w interrupt (INT 08h). This action allows operating systems which do not want the power 
conservation interrupt vectored to the ROM handler to intercept INT O8h before such 
vectoring can occur. 


The Power Conservation mode implemented at power-on is selected through the SETUP 
program on the COMPAQ USER DIAGNOSTICS or ADVANCED DIAGNOSTICS diskette. 
Regardless of the Power Conservation mode at power-on, the power conservation interrupt is 
not processed if the system is using external power. However, video activity is monitored to 
provide the Screen Save feature. 


NOTE: Power conservation Software Interrupt 15h is the same for both the COMPAQ 
LTE/286 and the COMPAQ LTE. 


Inactivity Monitor 


The Inactivity Monitor is a hardware timer which monitors the activity of individual peripheral 
components. The following devices are monitored: 


ew 

Peripheral Subsystem Addresses 
Diskette Subsystem 3FOh-3F7h, except 3F2h 
Fixed Disk Subsystem 1FOh-1F7h 
COM1 and COM2 2F8h-2FFh and/or 3F8h-3FFh 
Keyboard 60h and 64h 
Printer 278h-27FNn or 

378h-37FN or 

3BCh-3BFh 


I/O address 3F2h is excluded because the system BIOS turns off the diskette drive motors every 
14 seconds. Activity to the display is not monitored as programs such as on-screen clocks 
would leave the system permanently enabled. Memory cycling is not monitored. 


NOTE: Both the COMPAQ LTE/286 and the COMPAQ LTE can enter the STANDBY 
mode in spite of screen activity or program activity 1f no I/O activity exists. 
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This timer is software-loadable and counts down as long as no activity exists on the monitored 
peripherals. If this timer reaches 00h, the appropriate power management IRQ 1s generated 
which will cause the system to enter the STANDBY mode. The timer will be loaded with the 
preset value anytime activity should occur. A write to this register will set the time-out value 
while a read will return the current value of the timer. 


I/O Address = 1865h 
Power-On Reset Value = OOh 


COMPAQ LTE/286 


Inactivity Timer Value 
00000 = Disabled 


00001 = 1 minute 


10101 





COMPAQ LTE 
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Inactivity Timer 
O = Disabled 
1 = Enabled (set value of 15 min) 
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Power Management IRQ Status Register 


The status register is used to determine the system conditions and the source of the interrupt. 
IRQ15 is the power management interrupt for the COMPAQ LTE/286; IRQ2 is the power 
management interrupt for the COMPAQ LTE. Four different conditions can cause the power 
management interrupt to occur: 


m@ STANDBY switch 

@ Activity time-out 

m AC Power applied 

= Low Battery condition 


The STANDBY switch bit is set any time the STANDBY switch is pushed while the computer 
is active. This bit is cleared when the computer leaves the STANDBY mode or when the 
IRQ15 (IRQ2 if COMPAQ LTE) Clear bit is set. 


The Activity Time-Out bit is set when the Activity Time-Out counter has counted down to OOh. 
This bit is cleared when the IRQ15 (IRQ2 if COMPAQ LTE) Clear bit is set. 


The AC Power bit indicates the source of power for the COMPAQ LTE/286. A change in 
power sources will cause an IRQ15 (IRQ2 if COMPAQ LTE). 


The Low Battery bits indicate the current status of the battery. Any change in the battery status 
generates an IRQ15 (IRQ2 if COMPAQ LTE). It is possible for the Low Battery bits 

and the AC Power bit to be on simultaneously if the battery voltage is low and the unit is 

AC powered. 


When the IRQ Clear bit is set to a one, it clears the IRQ to the system, the STANDBY switch 
bit, Activity Time-Out bit, and the Interrupt Request bit. Also, as long as this bit is set to a one, 
IRQ15 (IRQ2 if COMPAQ LTE) requests are inhibited. 
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V/O Address = 1465h 
Power-On Reset Value = 0O0XXX00B 






Interrupt Request (R) 
O = No IRQ15 (2) 
1 = Request IRQ15 (2) 
Interrupt Enable (R/W) 
0 = Don't let new IRQ15 (2) occur 
1 = Let new IRQ15 (2) in 


Interrupt Clear (R/W) 
0 = Disable IRQ15 (2) 
1 = Clear current IRQ15 (2) 


Battery State (R) 
O00 = Battery good 
O01 = Low Battery 1 (First Warning) 
11 = Low Battery 2 (Final Warning) 


Type of Power 
O = Internal (Battery) 

1 = External (AC) 

system Activity (R) 
O = Activity 

1 = TIME-OUT occurred 

otandby Button State (R) 
O = Not Pressed (R) 

1 = Pressed (R) 













































Power Management Bytes 


Two bytes of storage are provided for power management routines to use as temporary storage. 
These are 8-bit read/write registers located at I/O address 2065h and 2465h. These registers are 
not initialized by hardware and are indeterminate. 
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Power Control Register 


The Power Control register allows certain I/O peripherals to be turned off when they are not in 
7 use. Each power control bit when set to a “1” powers up the subsystem. Each bit, when set to a 
“Q” powers down the subsystem. 


Due to power sequencing considerations, the sleep bit can be set to “1” at any time but will not 
take effect until the LCD Power Supply bit has been set to “O”. Conversely, the LCD Power 
Supply bit may be set to “1” at any time but will not take effect unless the sleep bit has been 
set to “0”. The LCD Power Supply bit should always be set to zero a minimum of 100 
milliseconds before the sleep bit is activated. 


The following differences exist between the sleep bit function for the COMPAQ LTE/286 and 
the COMPAQ LTE: 


@ COMPAQ LTE/286: The sleep bit should always be the last bit set to “1”. In the 
COMPAQ LTE/286 this bit causes the 80C286 microprocessor to immediately go to sleep. 
This bit is cleared by hardware when the STANDBY switch is pressed. 


= COMPAQ LTE: The sleep bit should always be the last bit set to “1”. This bit powers 
down all devices in the COMPAQ LTE with the exception of the 80C86 microprocessor. 
To power-down the 80C86, the software must execute a HALT instruction. The HALT 
— instruction turns the 80C86 clock off. An interrupt wakes up the 80C86 and resumes the 
power-on sequence. 


The Modem Supply bit < 2 > is not used at this time. 
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I/O Address = 0865h 
Power-On Reset Value = OOh 


O = Normal operation 

1 = Enter STANDBY mode 
Power Conservation Beeps 

O = Enabled 

1 = Disabled 


Modem Power (Not Used set to 1) 
O = Off 


System Reset 
O = Normal operation 
1 = Reset system 
LCD Power 
0 = Off 
1=On 





I/O Subsystem Requirements 


The I/O subsystems contain hardware to support the Power Management features. 


Internal Diskette Drive(s) 


The diskette drive will dissipate no more than 25 milliwatts when the drive is not selected and 
the disk is not spinning. 


Diskette Drive Controller 


The diskette drive controller (NS8473) has a power-down mode that must be activated by 
software through a Mode command to the controller. This is done by issuing the Mode 
command (01h) followed by the power-down code (08h) and three bytes to complete the 
command (00h, Cxh where x is head settle time in 4-ms increments). 


The controller is brought out of power-down by any access to either the main status register —J 
or data register in the controller. The controller should not be accessed for 10 milliseconds after 

it is reenabled and may be tested by checking the Request for Master bit in the main 

Status register. 
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Fixed Disk Drive 
The fixed disk drive has three operating modes that are enabled automatically by the drive. 


= Normal Operation 
@ Low Power 1 
@ Low Power 2 


In the Normal Operation mode the disk operates as a standard disk drive with no performance 
degradation and a power consumption of approximately 3 watts. 


In Low Power 1 mode, any time the drive is not reading, writing, or seeking, portions of the 
electronics including the read channel will shut down so that power is reduced to approximately 
1.5 watts. The drive returns to normal operation mode upon any system processor access. This 
mode does not degrade drive performance. 


In the Low Power 2 mode, once a user-programmable period of time has elapsed with no disk 

activity, the drive completely shuts down except for a minimum system interface, and power is 

reduced to approximately 700 milliwatts. The drive returns to normal mode upon any system 

processor access. This mode allows the drive to spin down and requires a 10- to 12-second 

spin-up delay for the next access. The time-out value is programmable in 5-second increments 
with a minimum value of 1 minute and a maximum value of 18 minutes. A value of zero will 
w disable Low Power 2. 


Inactivity for the fixed disk drive can be determined by monitoring its various control and 
Status registers. The Low Power 2 time-out value is programmable and can be disabled by 
software through a register in the fixed disk controller. During low power modes, the hard disk 
controller will retain the state of the drive. 
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Keyboard 
Power Conservation is handled by the Low Power Enable (LOPWREN) line. This line is an 
addition to the standard interface and is not found on other keyboards or the external keyboard 
port. The keyboard is put into Standby only when the system is put into Standby: 


In STANDBY mode, the keyboard: 
m@ Disables itself 


m Saves and stores the LED status, operational mode, and the condition of any keys which 
have been changed by programming in Mode 3 (COMPAQ LTE/286 only) 


™ Stops scanning, turns LEDs OFF, and puts itself into low-power-consumption mode 


Any keystrokes in the buffer are processed before Standby is initiated. When the system 1s 
brought out of Standby, the keyboard is enabled by the LOPWREN line and returned to its 
previous status, including LED states. No extraneous keys are transmitted when the keyboard is 
enabled again. 


Video (Screen Save) 
The Screen Save feature blanks the Backlit Display after a selected period of keyboard 
inactivity has passed. This feature, unlike other Power Conservation features, functions under 
internal (battery) or external power, since its purpose is both to conserve battery power and to 
provide user privacy for displayed data. This feature can be enabled or disabled through the 
SETUP utility. 


The Screen Save time-out values differ between the COMPAQ LTE/286 and the 
COMPAO LTE. The COMPAO LTE/286 allows the user to select a time-out value of 1-63 
minutes. The COMPAQ LTE does not have the ability to change from the default time-out 
value of 15 minutes. 


Keyboard Scan Controller (LTE/286) 
The keyboard will have a normal operating mode and a power-down mode. A separate signal 
will be sent to the keyboard scan controller when the system enters the STANDBY mode. The 
keyboard scan controller will also stop scanning the keyboard matrix. 


errr nnn 
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This appendix illustrates the national versions of the COMPAQ Laptop Enhanced Keyboard. 


U.S. English 
Belgian 

Danish 

French 

French Canadian 
German 

Greek 

Italian 

Latin American 
Norwegian 
Portuguese 
Spanish 
Swedish/Finnish 
Swiss 

U.K. English 


COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


C-2 National Keyboards 





Esc Fi F2 F3 F4 FS F6 F7 F8 F9 F10 Num Seroll Biuies 
Lock Lock 
a 
= ! @ # $ Yo A & 7] |* 8] 1¢ 9 a: tr Backepece 
‘ 1 2 3 4 5 6 Tome} | 8 4 Qegup} | O = oe 
a W E ih ¥ U4 I 5 OQ 6 { } 
| aa aa [ ] \ 
1 5 : 
Caps Lock A S F G H J en . ° <— Enter 
End v Pg Dn ’ Po 
Ine ) © Del j- 
Ctrl Alt AltGr| | Ctrl + = t 


Figure C-1. U.S. English COMPAQ Enhanced Keyboard Layout 
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Figure C-2. Belgian COMPAQ Enhanced Keyboard Layout 
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Figure C-3. Danish COMPAQ Enhanced Keyboard Layout 
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Figure C-4. French COMPAQ Enhanced Keyboard Layout 
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Figure C-5, French Canadian COMPAQ Enhanced Keyboard Layout 
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Figure C-6. German COMPAQ Enhanced Keyboard Layout 
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Figure C-7. Greek COMPAQ Enhanced Keyboard Layout 
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Figure C-8. Italian COMPAQ Enhanced Keyboard Layout 
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Figure C-9. Latin American COMPAQ Enhanced Keyboard Layout 
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Figure C-10. Norwegian COMPAQ Enhanced Keyboard Layout 
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Figure C-11. Portuguese COMPAQ Enhanced Keyboard Layout 
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Figure C-12. Spanish COMPAQ Enhanced Keyboard Layout 


COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


C-8 National Keyboards 


Esc FA F3 F4 F5 F6 F7 F8 FQ F10 Num Soroll Pauses 
Lock Lock 
Ca) Break 
4 7 
2 @ : @ ‘ $ + \ 
3 
Caps Lock K L O : 
(J 
> MO 
< 
Ctrl Alt AltGr| | Ctrl a = t 
Hom 


Figure C-13. Swedish/Finnish COMPAQ Enhanced Keyboard Layout 
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Figure C-14. Swiss COMPAQ Enhanced Keyboard Layout 
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Figure C-15. U.K. English COMPAQ Enhanced Keyboard Layout 
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INT OAh — CPU — Invalid task — 
State segment 


INT OAh — HW — IRQ9 
Vertical blanking 


INT OAh — HW —- Simulated IRQ2 


INT OBh — CPU - 
Segment not present 


INT OCh — CPU —- 
Stack segment overflow 


INT ODh — CPU — 
General protection 


INT ODh — HW — IRQ5 — CPU — 
General protection 


9-75 


9-108 
9-127 


9-76 


9-76 


9-76 


9-128 


INT OEh — HW — [RQ6 Diskette drive 


CPU — page fault 
INT OFh — HW — IRQ7 


INT 11h —-SW - 
Equipment configuration 


INT 12h — SW — Base memory size 

INT 13h 

INT 15h — SW — BIOS extension 
Function summary 


INT 15h AH = COh - 
Return machine environment 


INT 16h — SW - Keyboard I/O 

INT 17h — SW — Printer I/O 

INT 18h — SW - Boot fail 

INT 19h — SW —- Bootstrap 

INT 1Ah — SW — Tick counter/RTC 


Tick counter/RTC 
function summary 
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9-25 
9-68 


9-78 
9-79 
9-38 
9-79 
9-79 


9-94 
9-57 
9-69 
9-96 
9-96 
9-100 


9-100 


INT 1Bh — SW — CTRL—-BREAK 
Service 


INT 1Eh —PTR -— diskette drive 
parameter table 


INT 1Fh — PTR — Dot table 
INT 40h — SW - diskette drive I/O 
INT 41h 


INT 41h — PTR — Fixed disk drive 
1 parameter 


INT 46h 


INT 71h —- HW — IRQ9 
INT 72h — HW — IRQIO 
INT 73h — HW —- IRQ11 


INT 74h — HW — IRQ12 
Pointing device interrupt 


INT 76h 


INT 76h — HW — IRQ14 
Fixed disk drive interrupt 


Inactivity monitor 

Index and data registers 
AC control register 
Function control register 
Horizontal SYNC width register 
Mode control register 
Shift parameter register 
Threshold register 


Timing control register 


9-64 


INT 1Ch — SW — Tick counter service 9-103 


9-36 
9-125 
9-37 
9-38 


9-51 
9-38 


INT 4Ah — SW — RTC alarm service 


9-103 
9-128 
9-128 
9-128 


9-129 
9-38 


9-52 
B-3 
7-4 
7-6 
7-9 
7-7 

7-10 
77 
7-6 
7-8 


a Index ]-7 








ww 
Index and data registers (Continued) Keyboard (Continued) 

Vertical control register 7-7 11-bit select mode scan codes 5-52 
Initialize drive parameters command _ 6-35 9-bit normal mode scan codes 5-28 
Interrupt service calls 9-1] External numeric keypad 5-57 
Interrupts 3-5, 9-5 Keystations 5-26, 5-27 

CPU 9-5 Power conservation features 5-55 

HW 9-5 Screen save feature 5-56 

INT 07h — CPU — 80C287 STANDBY mode 3-5] 

ee abc ree = Keyboard communication commands 5-10 

INT 09h — CPU — 80C287 See ee ee ee 

segment overrun 9.20 Disable keyboard interface (ADh) 5-12 

INT OBh — HW — IRQ3 Enable keyboard interface (AEh) 5-12 

comm secondary a Initialize controller (AAh) 5-12 

INT 0Ch — HW — IRQ4 Interface electronics 5-13 

comm primary 9-13, 9-14 Ss 

$a Character buffer 5-14 

INT 15h — SW —- BIOS extensions 9-6 A 

$a Errors 5-13 

INT 75h — HW — IRQ13 A 

80C287 error 9-20 Key actuation speed 5-14 

PTR 9-5 Rollover 5-13 

SW 9-5 Status LEDs 5-14 
IROQ2 B-1, B-2 Typematic performance 5-14 
IROQ3 9-12 Interface test (ABh) 5-12 
IRO4 9.12 Read command byte (20h) 5-10 
IRQ15 B-1, B-2 Read input port (COh) 5-12 

Read keyboard interface signal 
levels (EOh) 5-13 
iS Write command byte (60h) 5-11 
Keyboard 5-1 Keyboard controller 5-4, 5-5 
11-bit normal mode scan codes 5-40 
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Keyboard controller (Continued) 


Programming 5-5 
Controller status register 5-6 
Port 60h Data I/O register 5-5 
Port 64h Command/status register 5-6 

Keyboard I/O function summary 9-58 
Keyboard indicators 9-54 
Keyboard interrupts 9-53 
Keyboard matrix 5-1 
Keyboard scan controller 5-1, 5-15 
Keyboard test error codes —(isi(isé<A 4 
Keyboard to system codes 5-16 

ACKnowledge 5-17 

Break code 5-17 

Echo code 5-17 

Enhanced code 5-17 

Failure code 5-17 

Key detection error code 5-18 

Keyboard configuration code 5-17 

Keyboard identification code 5-18 

Overrun code 5-18 

Power-up complete code 5-18 

Resend code 5-18 

Keyboards National C-1 
Keypad 5-3 





COMPAQ LTE Personal Computer 
COMPAQ LTE/286 Personal Computer 


L 


LCD 
LEDs 
Low power indicators 
Low power modes 
Low power 1 
Low power 2 
STANDBY 
LTE 
Bus cycle 


Memory map 


LTE fixed disk drive commands 
LTE fixed disk drive controller I/O addresses 


Configuration 

Control 

Data 

Drive reset 

Drive select 

Status 
LTE/286 

Bus cycle 

Memory map 


System board 


7-1 
5-1 
B-2 
B-1 
B-1 
B-1 
B-1 


3-4 
3-3 
6-53 


6-16 
6-16 
6-14 
6-15 
6-16 
6-15 


3-2 
3-2 
3-1 











M 


Make/break codes 
Mass storage 
External storage module 


Tape drives 


Memory LTE Configuration options 


Memory error codes 
Memory expansion 
Connectors 
LTE 
LTE/286 
Memory system 
LTE 


Random access memory 





Internal memory installed 
register 


ROM 
Memory test error codes 


Miscellaneous BIOS 
keyboard information 


Miscellaneous interrupts 
Memory locations used by 
miscellaneous interrupts 


Modem Protocols 


Modem command buffer 


Modem commands and result codes 


Modem operating registers 


Viewing the current value 


5-3 


2-1, 6-1 


6-95 
6-64 
3-17 

A-9 
3-29 


3-31 
3-30 
3-28 


3-28 


3-28 
3-28 
A-4 


9-56 


9-127 
10-3 
10-26 
10-6 
10-11 
10-11 


Modern communications 
test error codes 


N 


National keyboards and keypads 
Belgian 
Danish 
French 
French Canadian 
German 
Greek 
Italian 
Latin American 
Norwegian 
Portuguese 
Spanish 
Swedish/Finnish 
SWISs 
U.K. English 
U.S English 
Normal reset 
Notational conventions 
Bit notation 
Ranges 
Register notation and usage 


Signal labels 
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A-7 


C-1 
C-2 
C-3 
C-3 
C-4 
C-4 
C-5 
C-5 
C-6 
C-6 
C-7 
C-7 
C-8 
C-8 
C-9 
C-2 
9-3 
1-2 
1-3 
1-2 
1-3 
1-3 
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Notational conventions (Continued) 


Values 1-2 
NUMLOCK key 5-2, 5-3 
O 
Options 2-4 
Pp 
Parallel printer test error codes A-5 
Power conservation 2-5, 9-64, B-1 

I/O subsystem requirements B-8 

Implementation B-2 

Inactivity monitor B-3 

Interrupts 9-64 

IRQ15 B-1 

IRQ2 B-1 

Keyboard 5-55 

Low power indicators B-2 

Power conservation status register 9-65 

Power control register B-7 

Power management bytes B-6 

Power management IRQ 

Status register B-5 
Power supplies 8-1 
AC adapter 8-1 

Automobile adapter 8-1 
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Power supplies (Continued) 


Battery pack 8-2 
External storage module 8-11 
Power-on self-test 9-106, A-1 
Initialization 9-106 
Messages A-1 
Power-on Self-test messages A-1, A-2 
Printer Interrupts 9-66 
Memory locations used by 
printer interrupts 9-67 
Processor interrupts 9-73 
Arithmetic interrupts 9-73 
Debug interrupts 9-73 
Memory locations used by 
80C286 processor interrupts 9-73 
Processing interrupts 9-73 
Programmable data transfer rate 6-6 
Programmable devices 3-4 
LTE 3-10 
Clock/mode size 3-12 
CMOS memory 3-27 
Dip switch emulation register 3-14 
EMS configuration register 3-18 
Interrupt controller 3-23 
Interval timer 3-23 
NMI control register 3-20 
NMI enable register 3-22 














LTE (Continued) 
NMI status register 
NMI vector address register 
Programmable peripheral interface 
Real-time clock 
Refresh timer counter 


Sleep/memory 
configuration register 


System configuration 
System controller registers 
LTE/286 
CMOS memory 
Direct memory access controller 
Interrupt controller 
Interval timer 
Real time clock 
Protected mode 
Reset codes 
Protocols 
PWRCON 


R 


RAM 
LTE/286 
Memory expansion boards 


Random access memory system 


3-21 
3-15 
3-24 
3-27 
3-16 


3-17 
3-13 
3-19 
3-4 
3-7 
3-5 
3-4 
3-6 
3-7 
9-4 
9-4 
10-3 
2-5 


3-8 
3-8 
3-8 
3-28 


Index 


Real mode 9-2, 9-4 
Reset codes 9-4 
ROM 10-11 
LTE 3-28 
S 
Scan codes 5-25 
Second asynchronous 
communications board 10-1 
Seek command 6-35 
Serial communications 10-41 
Baud rate 10-44 
Serial communications interrupts 9-12 
Serial interface 9-pin connector 10-48 
Serial test error codes A-7 
SETUP 6-12, 2-5, 10-5 
Software reset 9-3 
Special BIOS ROM location 9-129, 9-130 
Machine ID 9-130 
Machine type code 9-130 
Point-release number 9-130 
Product family code 9-129 
ROM revision code 9-130 
Specifications 2-6 
STANDBY B-5 
STANDBY mode 6—40, B-4 
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Sys Req Key 
System board 
Bus cycle 
COMPAQ LTE 
COMPAQ LTE/286 
Memory map 
System configuration 
System interrupts 


System interrupts and 
memory locations 


System keyboard controller 
command codes 


CPU Speed commands 
System ROM 

LTE/286 

Memory map 

System-to-keyboard codes 

Default disable command 

Echo command 

Enable command 


Enhanced keyboard 
indicator command 


Invalid command 


Keyboard configuration command 


Resend command 
Reset command 
Screen save commands 


Select alternate mode command 
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9-53 
3-1 


3-2, 3-4 


3-3 
3-1 


3-2, 3-3 


9-95 
9-77 


9-77 


5-6 
5-7 
3-7 
3-7 
3-7 
5-19 
5-19 
5-20 
5-20 


5-20 
5-21 
5-20 
5-20 
5-20 
5-25 
5-23 


System-to-keyboard codes (Continued) 


Set all key code commands 5-24 
Set default conditions 5-21 
Set individual keys commands 5-24 
Set status indicators command 5-22 
Set typematic values command 5-22 
Tape drives 6-1, 6-64 
40-megabyte tape drive 
specifications 6-93 
40-megabyte tape drive 
directory information 6-88 
40-megabyte tape drive 
file allocation table 6-87 
40-megabyte tape drive 
file information 6-90 
40-megabyte tape drive formatting 6-79 
Tape data format 6-80 
40-megabyte tape drive header 6-82 
40-megabyte tape drive 
save set descriptions 6-86 
40-megabyte tape file storage 6-81 
40-megabyte tape 
identification area 6-83 
40-megabyte tape 
identification area parameters 6-84 
60-megabyte tape drive 
specifications 6-94 
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Tape drives (Continued) Video (Continued) 

Time and data parameters 6-85 Display controller registers 7-4 
Block diagram 6-65 Display modes 7-1, 7-2 
Connectors 6-92 Grayscale = 71,72 
Functional description = ++ ~—«6-64 Index anddataregisters §# |= 7-4 
Sample directory 6-89 Interrupts 9-106 
Tape drive commands 6-66 Video interrupts 9-105 
Tape file information parameters 6-91 Memory locations 9-107 

Tick counter/real-time clock Mode 6 7-3 
Icha Ar Modes 0, 1, 2, 3 73 
ae Gane 9-98 siesta = 
Typical sector table 6-57 Video display unit test error codes A-5 
E00 Video interrupts 9-105 
U 
UART 10-4 
UART registers 10-32 
User configuration 10-11 
USER DIAGNOSTICS 2-5 
USER PROGRAMS 2-5 
V 
Vehicle adapter 8-3, 8-9 
Vehicle adapter specifications 8-10 
Video 7-1 
BIOS modes 7-3, 9-106 
Display controller registers 7-1 
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